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ABSTRACT 
Little is known of the individual and/ or interactive effects of midsole density and 
arch height on forefoot activities such as landing and jumping. Therefore, the purpose of 
this study was to examine the effects of shoe midsole density and arch height on the 
biomechanics of drop jumps. Fifteen healthy males (age: 22.6 ± 4.52 yrs, body mass: 
84.77 ± 12.27 kg, height: 1.83 ± 0.06 m) participated in this study. An arch height ratio 
was calculated on the subjects' left foot to divide them into high (n = 7) and low (n = 8) 
arch groups. Subjects were tested during the drop jumps in three pairs of basketball 
shoes (adidas) with different midsole density (soft, normal and hard). At the initiation of 
testing, subjects were tested on maximum vertical jump height (MVJH) with 
countermovement wearing the normal midsole shoes to determine their drop heights (33, 
66, and 100% of MVJH). Subjects performed five drop-jump trials in each of nine 
conditions (3 midsoles x 3 heights) with shoes randomized at each height. Simultaneous 
recording of sagittal kinematics (120 Hz) and ground reaction forces (GRF, 1200 Hz) 
were collected. A Shannon algorithm was used to reconstruct the video signal from 120 
Hz to 240 Hz. A mixed 2 x 3 x 3 (group x density x height) repeated measures analysis 
of variance was performed on selected GRF and kinematic variables within each group 
with the significance level set at p < 0.05. A significant height main effect was observed 
for all variables. Peak GRF in the landing (LMax) was significantly lower for the hard 
midsole compared to the other niidsoles for both groups. Ankle angular kinematics 
revealed greater values for contact angle, contact velocity, and maximum velocity in the 
landing phase for the low arch subjects. Joint kinetics revealed significant total work 
V 
differences between groups at the hip and knee. The high-arch subjects tended to use 
their hips more than their knees compared to the low arch subjects. The results suggest 
that significant differences do exist in the biomechanical characteristics of the drop jump 
for subjects with different arch heights. 
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Chapter I 
Introduction 
The use of plyometrics, drop jumps, and other explosive movements to enhance 
the physiological performance of athletes is not a new phenomenon. Drop jump training 
can be traced back at least to the late 1940's, when Soviet athletes were reported to be 
using the strategy to enhance their power output in various weight-bearing activities 
(Bobbett, 1990). The essential theory behind the advantageous use of plyometric 
activities lies in the body's ability to not only store elastic energy developed during 
eccentric loading of muscle tissues, but also revert this stored energy into the concentric 
contraction responsible for more powerful movements. During plyometric drop jumps, 
energy is stored during the landing phase. Some, though how much is still controversial, 
is then transferred to the subsequent jumping phase. The amortization phase, between the 
obvious eccentric and concentric loading phases, may be the key. Numerous researchers 
agree that the quicker the amortization phase, the more energy that should be transferred 
to the jump from the landing (Bobbett, 1990; Fowler & Lees, 1998; Holcomb, 1996). 
However, there is little documentation on the delineation of drop jumps into discrete 
phases. 
Giovanni Cavagna ( 1977) provided a comprehensive analysis describing this 
particular energy conversion process. The mechanism behind the elastic energy transfer 
can be termed "stretch-shorten cycle." This cycle discriminates the plyometric 
movement in question into the stretching (also coined prestretching) phase, during which 
the elastic eccentrically-generated energy is stored, a cross-over or amortization phase, 
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where the elastic energy is transferred into the contractile components of the propulsion 
musculature, and the shortening phase, wherein the contraction of the active agonistic 
musculature occurs so that movement takes place. 
The use of drop, depth, or box jumps to impose the greater-than-normal eccentric 
load to the lower extremity muscles is common among many researchers and coaches 
(Baca, 1999; Bedi et al_., 1987 ; Bobbert et al. , 19871-II; Lees & Fahrni, 1994). The athlete 
will typically mount a platform, box, or other stable surface above the level of the 
ground. Thereafter, the athlete steps off the box, lands on the ground with both feet, and 
then performs a maximal or near-maximal jump that is in theory fueled partially by the 
prestretching phase of landing. The height of the drop will dictate the amount of total 
input energy that can be partially absorbed and transferred within the musculature. 
Numerous authors have studied the relationship between drop height and mechanical 
outputs (Baca, 1999; Bedi et al. , 1987; Bobbert et al. ,  1987 1-II; Hatze, 1998 ;  Kovacs et 
al. , 1999; Lees & Fahrni, 1994). Bobbert and colleagues (1987 I, II) found that, when 
jumping style was controlled, there were no real differences in the kinetics and 
kinematics of vertical jumps after dropping from 20 ,  40 , and 6 0  cm. Lees and Fahrni 
(1994) discovered that when subjects controled their own jump and landing styles, the 
optimum drop height was 0.12 m. Other researchers have found that, in general, lower 
landing heights ( 10-40 cm) can instigate the same or better performance values in the 
vertical jump as higher heights (Baca, 1999; Bedi et al. , 1987; Bobbert et al. , 19871-II; 
Hatze, 1998 ;  Kovacs et al. , 1999; Lees & Fahrni, 1994). The explanation for this finding 
can be considered two-fold. First, the mechanics of the maximum vertical jump are not 
appreciably altered after landing from a lower height (Bobbert, 1990 ;  Cavagna, 1977 ; 
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Lees and Fahrni, 1994 ). The higher landing heights tend to cause a change in landing and 
attenuation mechanics (Bedi et al., 1987, Bobbert, 1990; Pandy & Zajac, 1991). Second, 
the higher landing heights tend to cause a longer time spent on the ground, thus resulting 
in greater elastic energy dissipation during the transition phase of the activity. Therefore, 
most researchers feel that the potentiation of vertical jump height via eccentric energy 
transfer has a limit. 
Attenuation of impact forces takes place throughout the body during jumping and 
landing activities. Typically, inverse dynamics can be used to determine the moments of 
force at each joint in the body. Each joint of the lower extremity is taxed to some degree 
during the landing and jumping activity, and the degree of their contribution rests upon 
the style of the landing and subsequent jump, and the height of the jump. Bobbert and 
colleagues (1990; 1987 I-II; 1988) demonstrated that countermovement jumps tend to 
• elicit greater hip joint moments and work than compared to the knee and ankle joints . 
Drop jumps, however, place a great demand on the knee and ankle joints, and minimize 
the hip contribution in the jumping process (Artaega et al., 2000; Bobbert et al., 1987 I-II; 
Holcomb et al., 1996; Kovaks et al., 1999; Viitasalo et al., 1998). The effect of footwear 
on landing and jumping mechanics has surprisingly not received much attention. Much 
of the footwear research has been performed on walking/running kinetics and kinematics. 
For the most part, various shoe brands are compared to determine impact attenuation and 
energy absorption during walking and running activities. F�w studies have examined the 
impact of midsole differences on landing or jumping mechanics. Stefanyshyn and Nigg 
(2000) did note that stiffer soles, using carbon plate implants to increase stiffness, 
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produced slightly higher (nonsignificant) vertical jumps and lessened the amount of 
energy lost during contact with the ground in both jumping and running activities. 
The� the foot has been correlated with either excessive pronation of 
the tibia (low arches) or excessive force dampening in the foot itself (high arches) during 
both walking and running a�tivities (Nachbauer & Nigg, 1992 ; Nigg et al., 1993 ; Nigg et 
al., 1998; Ogan et al., 1999). Excessive pronation is associated with a higher-than­
normal outward rotation of the leg. The excessive force dampening seen in a high arch 
reflects the foot's attempt to maintain its shape and form under stress. Thus, most of the 
applied force is dissipated through the plantar fascia and other related foot/ankle 
structures to allow the foot to maintain its shape. Ogan and colleagues (1999) studied 
people with low back pain and attempted to determine if arch height was correlated with 
specific and nonspecific types of back pain. They were able to determine that some 
specific types of back pain were related to low arch height in women. Other studies have 
been less successful in determining any association between arch height and impact 
attenuation or energy absorption (Nigg et al, 1993 ; Nigg et al, 1998). Few have 
determined the influence of arch height on jumping and landing performance and 
biomechanics. Landing and jumping mechanics are very different from running or 
walking mechanics, especially in the sequence of foot contact with the ground. Whereas 
running and walking elicit a heel-toe contact sequence, allowing for greater passive 
attenuation of impact forces through the heel pad, ankle, and other lower extremity 
structures, landing in the drop jump tends to involve a toe-heel (or midfoot) contact, 
requiring more participation of the arch in-energy dissipation. Kovacs et al., (1999) 
examined forefoot vs. rearfoot drop jump techniques to determine differences in 
4 
mechanics. They found that more energy was absorbed dirng landing and more power - --. 
was produced using the forefoot strategy,� primarily through the plantarflexors. � 
Thus, instead of influencing the arch structure from behind (the heel), landing in the drop 
jump impacts the arch structure from the front. It can be hypothesized that aLstiff er/high 
arch structure may have greater potential in energy absorption during the landing phase, 
and provide greater energy transfer during the propulsion phase to enhance the drop jump 
performance. 
Problem Statement 
Th_\purpose of this study is to investigate the relationship betweeJ!il!.ch structure, 
midsole stiffness, and drop height on performance and biomechanics characteristics of 
plyometric drop jumps. The arch height was assessed through an arch ratio to group the 
subjects. The methodology for measurement and assessment was patterned after the 
work of Williams and McClay (2000). The arch ratio was determined by dividing the 
distance from the dorsal aspect of the dorsum at 50% of the total foot length to the floor 
by the truncated foot length. The truncated foot length was measured as the distance 
between the heel and the first metatarsophalangeal joint. Subjects in the low arch group 
had an arch ratio equal to or below a value of 0.289, whereas the high arch group had an 
arch ratio that was equal to or greater than 0.343. The midsole stif(ness of the shoes was 
classified as soft, normal, or hard. The drop heights for the participants were 33, 66, and 
100% of their maximal counter-movement jump height. Most of the prevailing studies in 
these areas have focused on landing characteristics, jumping mechanics, midsole 
difference impact on running and walking, or arch height impact on running mechanics. 
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No research was found that examined the interactions of midsoles and arch height on 
mechanical and work characteristics of lower extremity joints in drop jumps. Similarly, 
no research was found that used the subject's own maximal vertical jump as a guide for 
drop height determination during plyometric activities .. 
Hypotheses 
The following hypotheses were tested: 
1)  There were no differences in average jump height and kinematic.and kinetic 
characteristics between arch heights (low versus high). 
2 )  High drop heights produced higher kinetic and kinematic values compared to low drop 
heights. 
3 )  Hard midsoles produced higher kinetic and kinematic values compared with soft 
midsoles. 
4) There is no interactive effect between average jump height and kinematic and kinetic 
characteristics. 
Delimitations 
The study was conducted within the following delimitations: 
1 )  Fifteen active students at The University of Tennessee, Knoxville, were selected to 
participate in the study. They had no significant impairment of the lower extremeties. 
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2) Nine test conditions were employed per subject including drop jumps from three 
different heights (33%, 67%, and 100% of the maximal jump height of the subject) in 
three shoes of different midsole dens�ties (soft, normal, and hard). 
3) Subjects were divided into two groups based on arch ratio (low: less than 0.289; high: 
greater than 0.343). 
4) Biomechanical signals were collected and analyzed for a duration of 160 ms prior to 
and 840 ms following the contact with the ground. 
5) Data were collected at 1200 Hz for a force platform and at 120 Hz for a digital camera 
for each trial of the plyometric activity. 
Limitations 
The study was limited by the following factors: 
1) Subjects were limited to the student population at The University of Tennessee. 
2) Possible errors from placement and digitizing of the reflective markers. Other errors 
such as perspective error and marker placement are acknowledged. 
3) Inherent errors from the force platform, accelerometer, and/or digital video systems. 
Errors of force platform and high-speed video systems are always present but were 
considered acceptable within the specifications of the manufacturers. Errors caused by 
out of plane motion were controlled by confining the activity to the sagittal plane. 
4) Potential errors due to the difference in sampling frequency of the force platform 
(1200Hz) and the digital video system (120Hz), and synchronization of the systems. 
Synchronization accuracy between-the force and video systems was limited by the 
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sampling rate of the slower system. The video system has a sampling error of± 0.08 
frames/second, resulting a maximum error of only 0.67 ms. 
5) The potential differences existed for the shoes of the same stiffness of different sizes. 
6) The potential errors might exist due to estimation in maximal vertical jump height, 
thus affecting drop heights. 
7) The potential misclassification of arch ratio, ·due to measurement errors, was 
acknow I edged. 
Assumptions 
The following assumptions were made: 
1) Drop jump mechanics and energy characteristics during the activity were determined 
accurately and adequately. 
2) The biomechanical equipment and measurements used were accurate and sufficient 
for analyzing effects of plyometric drop jumps with differing midsole densities and 
differing drop heights. 
3) The biomechanical instruments and programs were valid and reliable. 
4) All subjects were free from significant injuries in the lower extremities. 
5) The performance of the subjects was symmetrical, therefore only the right side was 
assessed for the kinematics and GRF data and subsequent analyses. 
6) There were no footwear differences in stiffness characteristics of the same type, 
regardless of size. 
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Chapter II 
Literature Review 
Landing and jumping strategy plays a prominent role in the mechanical 
characteristics of the plyometric drop-jump activity. Typically, jumps are done from a 
squat position, from an upright position via counter-movement, or after landing from a 
set height. This latter style is typically termed drop or depth jumps, and is considered the 
plyometric activity with the greatest specific impact for most athletes (Bobbert, 1990; 
Cavagna, 1977). Within the category of drop jumps, landing and consequent jumping 
styles can be manipulated to encourage different relative stresses upon the body. A drop 
jump can incorporate a counter-movement style of landing as well as a bounce-style, 
wherein the attenuation of force is limited in terms of ground contact via minimizing joint 
flexion. Of no small consequence is the use of arm swing to help propel the subject 
through the maximal vertical range he or she can attain. Most researchers that employ 
drop jumps into their experiment choose to incorporate a hands-on-hips landing and 
jumping style. Although this hand placement has its advantages (e.g. better ability to 
follow specific anatomical landmarks through space), this style of jumping is not specific 
to most athletic pursuits. 
Plyometrics 
Giovanni Cavagna ( 1977) is credited with writing a prominent if not definitive 
review paper on the storage and utilization of elastic energy within muscle. This topic is 
the basis for the implementation of plyometric and ballistic training modalities. Cavagna 
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(1977 ) describes early work in muscle physiology and mechanics, and notes that not until 
recently did specialists realize the potential for muscle tissue to store energy when 
stretched under an external force. Negative work is done when this external force is 
controlled or resisted by the tissues as they are stretched. This stored energy will 
dissipate as heat unless used relatively soon after the stretch. This "elastic recovery" is 
also discussed by Cavagna, and seems to be potentiated when the interval between 
positive and negative muscle action is nil. In conclusion, human skeletal muscle has 
elastic properties that allow it to recover from forced stretch by aiding positive work with 
negative-movement energy. 
,Jumping 
Pandy and Zajac (1991) investigated optimum muscular coordination strategies 
for jumping. These researchers described the contribution of various tissues to the 
overall movement of the body' s center of mass during a maximal squat jump using video, 
force plate, and EMG data. An optimal model was developed and it compared favorably 
with recorded data in most aspects, with the EMG data being the prime exception. The 
investigators found that muscles are activated proximal to distal, with gluteals, 
quadriceps, and ankle uniarticulate tissues last. However, this sequencing did not match 
the flow of energy that so many investigators have postulated being the case for jumping. 
Prior to this study, Bobbert et al. (1988) theorized that the propulsion of the body 
upwards was directly related to the flow cf energy distally to the ankle and foot. 
However, Pandy and Zajac (1991) found the exact opposite; they contended that the 
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energy flow is actually proximal to the ankle and foot. They speculated that this was due 
to the large need of the trunk to elevate the body's center of mass. Thus, the muscle 
tissues responsible for the elevation of the body's center of mass actually project energy 
up the kinetic chain, not down. 
Artaega and colleagues (2000) investigated the reli':.�!!!!Y.Qfill&i.1:]_Erformance 
in active men and women under differing stretch-loading conditions. The investigators 
were interested in validating different jumping measures, techniques, and tests against 
. 
. . . 
----..:..__ 
each other. This exhaustive study used eight male and nine female subjects that were 
physically active and familiar with plyometric drills and activities. Subjects performed 
squat jumps, counter-movement jumps, drop jumps, and hopping tests on six different 
occasions over a 12-week period. Squat jumps began on the ground with the knees 
flexed at 90 degrees, with flexion angle validated by a goniometer. The subjects then 
attempted three maximal vertical jumps per session with hands on hips. Three counter­
movement jumps per session were initiated from a standing position; this was followed 
by knee flexion to approximately 90 degrees, followed by a maximal vertical jump. Drop 
jumps were performed with a bounce style to minimize knee flexion upon landing. The 
drop heights began at 20 cm and increased by 10 cm until the subject was unable to 
improve or maintain performance over two consecutive jumps occurred or until reaching 
a height of 1 10 cm. The best height was recorded along with the drop height from which 
it was attained. The hopping test involved continuous maximal jumping on the force 
platform for 30 seconds. Again, bounce-jumping style was encouraged. This test 
protocol was performed only once -per day. 
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Significant decreases occurred across the six sessions for drop jump maximum 
height and hopping test average height. The counter-movement jumps, similar to 
findings by Bobbert (1987 I; 1987 II; 1988), had the highest maximum values compared 
to the squat jumps and drop jumps ( ~40cm vs. ~37cm vs. ~35cm, respectively) . Optimal 
drop height averag�cm for the males, but the coefficientof variaJion for this element 
of the study was 32%, with a range of 11 -45%. Even with this variability, the 
investigators concluded that optimal dropping height for maximal jumping efforts could 
be extrapolated from squat jump maximum effort, with a standard error of only 9 cm. 
Contact time was fairly consistent, with a mean value of ~200ms across all male subjects 
and a coefficient of variation of 16%. The researchers also surmised that contact time 
could be a useful indirect tool for establishing drop jump/bounce jump technical 
compliance. They found stable contact times for all subjects between 20 and 50 cm drop 
heights . However , the investigators did note that their drop jump maximal efforts were 
10-20% lower than that attained by subjects in other studies. The investigators seemed 
u�concef!1ed by the number of drop .jumps. that were perfonned_py each subject each 
session to accommodate the maximal drop jump assessment protocols. If two jumps are 
performed at each height, and height is increased until two successive jumps are 
incompatible, most persons will have done their best work at lower heights, regardless of 
the randomization of the other three testing procedures. A better way to determine 
optimal drop height may have been to randomize the heights with some upper level 
existent after the first day or after a testing period before the study began . Viewing the 
overall input of each of the testing protocols, the drop jumps required the most effort and 
energy of all the tests, especially for the males. 
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Drop jumping 
Bedi and colleagues ( 1987 )  investigated the effect of depth jumps on the maximal 
vertical jump height efforts of 32 volleyball and physical education students. Five trials 
of depth jumps with hands on hips and relatively little contact time were completed at 0 ,  
25 , 35 , 45 , 55 , 65 , 75 , and 85 cm of drop height. The mean contact time for all subjects 
was 306 ms. Volleyball players had a significanlty higher average height per jump (3 8 
vs. 32 cm). There were no real differences between total impulse, jump height, takeoff 
velocity, and contact time between heights. There was, however, an inverted parabolic 
appearance to the graphs of the average jump heights per drop height within both groups. 
Thus the subjects tended to jump higher in the middle of the grouping of drop heights 
compared to the end of the range. Counter-movement jump height was higher than any 
of the drop jump heights. 
Baca ( 1999) investigated differing methods for analyzing drop jump performance. 
Eight different methods were used to determine the most reliable measure of such 
parameters as jump height, effective drop height, duration of eccentric and concentric 
phases of landing, and velocity at various stages of the drop jump. The reference against 
which all other measures were compared was the use of two force plates, one at the 
platform where the drop originated and one at ground level. The other methods for the 
determination of the independent variables were the use of the ground force plate only, 
potential energy analysis, flight time analysis, video positioning technique, video 
combined with velocities, video plus force plate data, and zero velocity technique. The 
author f�_?nd !hat the video plus force plate technique most closely fit the reference 
method val�s and tpat this method was a .good alternative to the use of two force plates. 
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Lees & Fahrni (1994) reviewed potential optimal drop heights for plyometric 
training. Their study was_ l!nde�ake_!1 partially because few researchers had investigated 
the best height for obt�ining maximal vertical force as well as establishing safety levels 
for the drop heights. Thirty male subjects were asked to perform maximal drop jumps 
from heights of 0 .12, 0 .24, 0 .36 , 0 .46 ,  0 .5 8  and 0 .68 m, as well as standard counter­
movement jumps and squat jumps. Using a force plate, they calculated negative 
displacement of the total body, net height rise of the center of mass, maximal vertical 
force, maximal vertical velocity, and peak instantaneous power output. Their results 
showed that the optimum height for development of maximum vertical height, velocity at 
takeoff, and power production, occurs at the lowest height, 0 .12  m. This seems to be 
lower than most investigators previously noted, which ranged from 0 .2-0 .6 m (Baca 
1999; ;  Bedi et al., 1987 ; Bobbert et al. ,  1987 I, 1987 II, 1988 ; Bosco, 1999). However, a 
few things may have caused these findings to be interpreted and coll�cted in a manner 
that makes them difficult to compare with other studies. First, the drop jumps were 
performed with hands on hips and with no regard to landing style or rebound technique. 
Thus, time on the ground, angular displacement, and other values were not controlled. 
The investigators did not address this consideration, although in light of prior research, 
especially Pandy & Zajac (1991 ), the inclusion of trunk acceleration must be considered. 
From a technical standpoint, very few vertical jumps are used in an applied setting where 
the arms are not active. An example of this might be the jump at the end of the giant 
_ slalom ski jump. All other jumping efforts use the acceleration of the arms to help 
transport the trunk upwards. Though the- relative size of the arms to the trunk is not large 
( ~ 14%, Winter, 1990), it is significant enough to enhance motion. Second, the 
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displacement of the body's center of gravity was measured from the height at which 
maximal velocity took place until velocity registered zero. Though the Lees & Fahrni did 
state that the body is in a more or less standing position when maximal velocity occurs, 
they did not recognize the exact height of the subjects at this point. They also did not 
adequately provide for the specific portion of the plantar flexors toward the deceleration 
�--,-~..- ..... ...... 
that takes place in the body as it passes from the maximum velocity to toe-off. This 
might be important in that for some the body' s speed reduces significantly from a neutral 
ankle to one that is extended, whereas another might have very little deceleration during 
this time. No correlation was made between jump height and these ankle values. 
Bobbert ( 1990) wrote an exemplary review of drop jumping and its use in 
developing jumping ability, in which he discusses the historical use of drop jumps, the 
mechanical breakdown of the movement, the influence of technique, and the influence of 
drop distance. Bobbert claims that some of the confusion found in the understanding of 
drop jumps and plyometrics comes from previous researchers who claim that there is a 
relationship between series elastic energy absorption and energy storage. According to 
Bobbert, there is no such relationship, and that the determining factor for the amount of 
energy stored is actually the increased force of the muscles involved. Also, the technique 
of landing and consequent jumping is of utmost importance. Counter-movement jumps , 
squat jumps, and bounce jumps, along with intermediates between these, are all used by 
various researchers and coaches. Each has its own distinct biomechanical profile, and 
each is different in its kinetic and kinematic analysis. Controlling the landing and 
jumping techniques would provide- some sense of reliability for many researchers. 
Bobbert concludes his review by stating that drop height is important insofar as the 
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subject can control whether or not his heels contact the floor. Heel contact displaces 
much of the stored energy, as the energy is dissipated through the relatively fatty heel pad 
via contact, and the ground, and thus energy re-utilization ca�not occur. 
Viitasalo, Salo, and Lahtinen (1998) researched the neuromuscular function of 
athletes versus non-athletes in drop jumping . Seven track and field athletes and 11 
physically active controls participated in a series of jumps from 40 and 80 cm. The 
athletes had higher rebound jumps in both the 40 cm (32%) and 80 cm (34%) protocols . 
Athletes also had shorter breaking time, time on the ground, and greater average vertical 
ground reaction force. There was no difference within groups for rebound height from 
either drop height. Jumpers were found to activate their EMO activity earlier than 
controls . Jumpers were also able to better control angular acceleration and maintain a 
more stable environment at the knee, hip, and ankle joints as the height increased from 40 
to 80 cm. Thus, the jumps of the control group more resembled that of counter­
movement jumps whereas the athletes tended to have landing and jumping styles that 
could be termed "bounce" jumps (Bobbert et al. ,  1987 I, 1987 II, 1990). Therefore the 
investigators postulated that the neuromuscular adaptation of the athletes toward a 
quicker response, recruitment, and coordination levels allowed them to better handle the 
protocols. 
Bobbert, Huijing, and van Ingen Schenau (1987 I, II) released the findings of 
a two-part research study on drop jumping. The first described the influence of jumping 
technique on the biomechanics of jumping. Ten trained volleyball players participated in 
the study. Counter-movement jumps, bounce drop jumps, and counter-movement drop 
jumps were performed in a random fashion. Counter-movement jumps were defined as 
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jumps from the floor with a pre-bending of the lower body joints allowing for prestretch 
and preactivation. Bounce drop jumps were performed from a platform. As the subject 
landed, they were instructed to keep time on the platform to a minimum by controlling 
flexion at the knees, hips, and ankles, thus �Heiting a stiff landing style. Counter­
movement drop jumps were defined as drop jumps with the above counter-movement 
techniques. The drop height for the all drop jumps was 20 cm. All three jumps elicited 
similar center-of-mass heights at take-off. The counter-movement jumps elicited greater 
downward movement of the center of mass, higher max center of mass height, greater 
time to peak downward center of mass height, longer push-off times, and the lowest 
ground reaction forces at push-off. The counter-movement drop jumps were similar to 
the counter-movement jumps with respect to take-off velocity and maximum height 
attained. The counter-movement drop jumps were significantly different from the 
counter-movement jumps in a lessening of the displacement of center of mass, a shorter 
time in contact with the platform upon landing, a shorter push-off phase, and higher 
ground reaction forces throughout the activ�ty. The bounce drop jumps had the least 
displacement values, the smallest vertical height attained, the shortest time to maximum 
displacement, the shortest push-off phase, the slowest take-off velocity, and the highest 
ground reaction forces. 
In addition to the time and force values, the investigators (Bobbert et al . 1987 II) 
also collected data regarding the moments and power generated or absorbed at each of the 
lower extremity joints. The drop jumps elicited a greater response from the knees and 
ankles as compared with the counter-movement jump. These jumps also relied less on 
the hip extensors than did the counter-movement jump. As the jump technique 
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progressed from counter-movement to counter-movement drop to drop, the maximum 
power at the joints , net moments at push-off, and the maximum net moments progressed 
from high-to-low at the hip and low-to-high at the knee and ankle joints. The net 
moment contribution of the hip, knee, and ankle at the initiation of the push-off phase 
was 4 1  %, 32%, and 27% for the counter-movement jump, 28%, 40%, and 30% for the 
counter-movement drop jump, and 20%, 39% , and 4 1  % during the drop jump. 
The investigators (Bobbert et al . 1 987 I) explained their findings using the fo�c�­
velocity relationship as well as the differences in moments generated at each joint. Due 
to the slower velocity of overall movement during the counter-movement jumps relative 
to the bounce jump, greater force can be exerted and thus it is not surprising to find the 
discrepancies in maximum height attained. Also, the net moments about each joint in the 
lower extremities was more balanced in the counter-movement jumps, whereas the 
bounce jump moments were found to be much higher in the knees and ankles. Although 
these values are net values, they do give a picture of how much work is being done at 
each joint. A lessening of the input at the hip (a gross estimation using net values, to be 
sure, but possible) might signify a lessening of the use of the gluteals, and thus less force 
can be transmitted to the jump and less energy can be transmitted to the. 
The second part of the two-part study ascertained the influence of drop jump 
height on the biomechanics of drop jumping. Six subjects performed drop jumps from 
heights of 20, 40, and 60 cm. Unlike other investigators (Bosco, 1 999), there was no 
significant difference between most of the measured variables between the three heights. 
The maximal vertical jump was approximately 38 cm for all heights, which seemed to 
differ significantly from the same type of jump done from 20 cm in the first part of the 
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study (mean = 48 cm). The investigators did address this issue, but this should raise 
� questions as to the similarity, reliability, and validity of the studies. The only variables 
that exhibited any differences between the differing drop heights were the work done 
during the braking phase of the landing and the force needed to push off. In both cases 
the values increased with increasing height. A surprising find for the researchers was the 
decrease in ankle moment and power output as the height increased from 40 to 60 cm. 
The researchers determined that this occurred due to the inability of the subjects to keep 
their heels from contacting the ground. This heel contact was speculated to dissipate 
much of the elastic energy stored during the eccentric loading of the lower extremity 
musculotendonous tissue. Due to this finding, the researchers suggested that future _ ._ -
studies and drop jump programs should limit their drop heights to 40 cm. A point that 
could be made which was not brought up in the study was the similarity of the suggested 
maximum height for drop jumps relative to the maximal height attained during the drop 
jumps. 
Holcomb and colleagues (1996) investigated modifications of the plyometric drop 
jump to elicit specific response at the three lower extremity joints. Using Bobbert 's two­
part research mentioned previously (Bobbert 19871, II), they noted that the net moment 
and power values at the hip joint were notably smaller than the other lower extremity 
joints during the drop jump. They theorized that since the hip joint includes the powerful 
gluteal muscles with their concomitant extensor qualities, its inclusion in the jump would 
be important for maximizing any effort. Thus , the investigators developed modified drop 
jumps w�ose purpose was to isolate the three muscle groups primarily responsible for the 
moment and power values generated at each of the three lower extremity joints 
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specifically. Eleven college-aged students were taught four jump techniques via video 
and demonstration : counter-movement jump, ankle depth jump, knee depth jump, and hip 
depth jump. The counter-movement jump was defined similar to its definition in the 
aforementioned studies . The ankle depth jump was performed with as little knee and hip 
flexion upon landing and consequent jumping as possible. Thus, most of the landing 
force is absorbed at the ankle. The knee depth j ump was done such that upon landing the 
subject would flex at the knee beyond 90 degrees before consequent jumping . The hip 
depth jump involved trunk flexion during the fall with a rather stiff knee landing as the 
trunk flexed to approximately 45 degrees. The subjects would then continue to flex at the 
trunk until it was parallel before performing the consequent jump . Five trials were 
performed at each technique, with the highest values for each type used for analysis . 
Much like the Bobbert studies (1987 I, II; 1988), hands remained on hips throughout. 
However, no mention of maximum height was recorded for each type of jump, and only 
one height was used. Results from this study revealed that the jumping techniques were 
successful in producing moment and power values that specifically isolated the joints for 
which they were designed. In each recorded instance, the values of the variables in 
question at each joint were usually significantly greater than the values at the other joints . 
Thus the investigators concluded that their modifications elicited the response they were 
after. 
Fowler & Lees (1998) compared the kinetics and kinematic characteristics of 
plyometric drop jumps and pendulum exercises . Pendulum swings have been offered as a 
less dangerous alternative to standard plyometric drop jumps. The lower-body pendulum 
exercise is a ballistic movement done in a swing seat against a vertical wall structure. 
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The subject is raised posteriorly in the swing to the end range of motion and then released 
towards the wall. As the subject comes into contact with the wall with his feet, he pushes 
away from a vertical structure as hard and forceful as possible. For this particular study, 
eight male subjects were asked to perform 10 trials each of drop jumps and pendulum 
swings. The drop height for the jumps was set at 0.28 m. Subjects were asked to keep 
hands on hips during the drop jump, and both exercises were done with instruction to 
perform a bounce rebound off the respective surface. Thus, angular displacement of the 
joints was kept to a minimum. The results from this methodology were reasonably 
similar. The pendulum-type activity has a set amount of hip flexion to begin with due to 
its seated nature. Because of this, hip angle at contact and push-off were significantly 
lower for the pendulum exercise. Not surprisingly, the knee and ankle angles were lower 
as well, signifying greater range of motion at these joints compared to the drop jump. 
The contact time for the movenients also revealed a longer time for the pendulum than 
the drop jumps (0.36 vs. 0.45 s, respectively). The investigators concluded that, though 
there were some differences, the pendulum exercise could be used as an alternative to the 
drop jump due to the similarity of force-time curves and the similar coordination patterns 
exhibited during the movements. 
Kovacs and colleagues ( 1999) examined modified foot placement on the 
kinematics and kinetics of drop jumping. Ten male university students performed 3 
correct jumps of each type from a box· 0.4 m in height placed 1 .0 m from the center of the 
force platform. Subjects were asked to either land with no heel contact before the 
subsequent jump (forefoot landing, FFL) or land heel first, followed by metatarsal 
depression before consequent jumping (heel-toe landing, HTL). Ground reaction force 
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curves revealed a consistently higher and sharper impact force for RTL compared to FFL, 
due mainly to the lack of impact attenuation forces and energy by the ankle. The 
investigators felt it necessary to differentiate between flexion and extension phases of the 
drop jump due to the complex nature of the activity. In doing so, it became apparent that 
FFL landings had higher work and power values during extension while RTL landings 
garnered higher values in the flexion phase. Typically, FFL landings elicited greater 
relative response from the knee and ankle joints, whereas the RTL landings caused the 
hip joint to provide more of the braking force. The investigators concluded the relative 
importance of the plantarflexors for any landing and jumping activities. The _use of the 
differing landing styles was an attempt to find a more compatible comparison between 
true landing and jumping styles (FFL) and a style more reminiscent of running or walking 
(RTL). 
Energy Absorption and Dissipation 
Zhang, Bates, and Dufek (2000 )explored the interactive effect of landing height 
and landing strategy on the work and energy dissipation associated with landings. Nine 
active males performed five landings from three different heights (0 .3 2  m, 0 .6 2  m ,  and 
1.03 m) and with three different landing styles (soft, normal, and stiff). Landing style 
was practically defined as a difference in lower extremity joint flexion, with soft and stiff 
landings having respectively more and less joint range of motion compared to normal 
landings. Generally, the results of this study revealed increased ground reaction force, 
peak joint moment, and power with an increase in landing height and stiffness. Further 
assessment showed that knee extensors played a vital role in energy_dissipation across all 
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conditions and heights, whereas the ankle extensors generally contributed more during 
stiff landings and lower heights and the hip extensors contributed more at the higher 
heights and soft landings. The investigators postulated that energy flow during landing 
was distal to proximal, as indirectly evidenced by the increasing dependence upon the hip 
extensors as height increases. 
Stefanyshyn and Nigg (2000) researched the influence of bending sole stiffness 
upon energy flow and jump height performance. The purpose of their study was 
, threef gJq:_ JQ determine the loss of mechanical energy during running and jumping in the 
metatarosphalangeal joint, to determine whether or not stiffening of the metatarso­
phalangeal joint influences ankle joint energy production, and to determine the influence 
of midsole stiffening on actual vertical jump performance. Adidas Tech Road running 
shoes were used in the study, and a pocket 5mm thick was hollowed out of the midsole to 
provide room for the insertion of variable sole materials. The control group used the 
same material that was removed from the shoe to begin with (ethyl vinyl acetate), the stiff 
sole group used 3 I -mm thick carbon plates, and the very stiff group used 5 I -mm thick 
carbon plates. The investigators described energy absorption as the opposing directions 
of the resultant joint moment and the joint angular velocity and energy generation as the 
situation where both variables occur in the same relative direction. They found that very 
littl� difference occurred within joints between the sole stiffness values. The only joint 
that showed any significant difference was the metatarsophalangeal joint, which yielded 
lower values of negative work with stiffer soles than control . The stiffer soles also _ 
allowed for a slight but significant -increase (mean 1 .7 cm) in maximum vertical jump 
height. Thus the investigators concluded that the stiffer soles decreased the amount of 
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energy lost at the metatarsophalangeal joint and thus increased the transfer of energy to 
the vertical jump. 
Hatze (1998) investigated, among other things, the contribution of non-vertical 
and internal energy to total work during a maximal vertical jump. Hatze describes the 
determination of energy, power, and work in the maximal vertical effort, and discusses 
potential errors in using estimation procedures compared to force plate-rendered data. He 
states that total energy for the jump can be determined either by summing up the total 
energy of the segments of the body or by determining the sum of the energy of the point 
center of mass and the internal energies resulting from translational and rotational 
motions of the segments relative to the center of mass. He estimates that the errors 
inherent in the force plate methodology for interpreting vertical jump parameters are 
confined, assuming valid force plate measures, to determination of the start of motion as 
well as liftoff. Because of the relatively short period of plate contact time during drop 
jumps, the total error comes to 0 .41 % .  In his experiment with drop jumps, five subjects 
performed six drop jumps from a height of 38 cm. Subjects kept their hands on their 
hips, and their best jump was used for data analysis. The average discrepancy between 
total work and vertical work was 2 .7 %  with a standard deviation of 2 .9%. Thus, 
approximately 97 % of the total muscular work in the vertical jump is used to propel the 
body upwards. The other 3 %  is lost to internal and nonvertical propulsive efforts. He 
concludes that this is an acceptable error for most studies involving vertical jump efforts. 
Walshe & Wilson (1997 ) indirectly measured energy flow by evaluating 
musculotendinous stiffness in the joints of the lower extremities. Their theory was that a 
stiffer muscle-tendon juncture would promote greater attenuation in the muscle tissue 
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itself. In tum, this would theoretically promote greater afferent responses, and thus a 
greater inhibitory response, particularly at higher frequencies associated with greater 
loads. A more compliant structure, they proposed, would allow for greater attenuation in 
the tendon itself, and would allow the muscle tissue to more economically use the elastic 
energy stored during landing from certain heights in the consequent jump. Twenty-two 
subjects that were physically active and proficient in plyometric-style activities were used 
for this study. Subjects performed counter-movement jumps from the ground and 
counter-movement drop jumps from 20, 40, 60, 80, and 100 cm. Subjects were grouped 
into stiff and compliant groups. Though no significant differences were statistically 
determined, the compliant subjects did tend to have better jump performances across the 
board, particularly at 80 and 100 cm drop heights. Using a relative scaled factor relating 
drop jump height as a percentage of counter-movement height, a significant difference 
did occur at the two highest drop heights between groups. Thus the investigators 
concluded that musculotendinal stiffness inhibits the ability of the body to attenuate 
forces during drop jump activities. 
Nigg, Denoth, and Nuekomm ( 198 1 )  attempted to quantify the load on the human 
body during various weight-bearing activities. They proposed the definitions "active 
forces" and "passive forces" to help delineate different aspects of load on the body. 
Using typical vertical jump ground reaction force and tibial-mounted accelerometer 
curves, the investigators explain that most human movements take place at a low 
frequency. These forces, bearing a strong relationship to the movement of the trunk, are 
of a magnitude and frequency modulation that the muscle tissues and supporting 
connective tissues can actively attenuate and manipulate them. Thus, they are termed 
25 
active forces. The high frequency portions of the curve are associated with movements 
of the foot and tibia upon contact with the ground. These actions are typically over in 10-
20 ms, whereas the muscle tissues have a built-in latent response period that usually takes 
30 ms to activate. Thus, muscular actions have less to do with these high frequency 
periods, and they are thus termed passive forces. They theorize that passive forces are 
absorbed less well by the musculotendinous system than active forces. Changing shoes 
or surfaces, argue the investigators, will significantly impact the passive force 
attenuation. A more pronounced heel strike force is apparent with hard-soled shoes as 
compared with soft-soled shoes while running at 5 mis. However, midsole and toe-off 
differences are negligible for the same situation. Jumping tests reveal similar force 
curves, where passive forces are lower in soft-soled shoe situations and active forces are 
remarkably similar. 
Arch Height 
The effect of arch height on jumping and landing has not been fully researched. 
However, the determination of arch height and its influence on walking and running has 
been investigated by a number of researchers. Ogon et al. ( 1999) studied the effect of 
arch height on lower back impact loading during running. Medial longitudinal arch 
height was defined as the height of the lowest palpable medial aspect of the navicular 
bone with the subject standing upright divided by the perpendicular length of the foot 
from a heel tangent line to a first metatarsal tangent line. They reported that this ratio has 
been shown to correlate very well with actual radiographic arch structure. Subjects were 
divided into a low-arch group and a high-arch group, with the mean ratio value of 0. 149 
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serving as the dividing median. The mean for the navicular height was 31.4 1+/-3.17, 
with a range of 26.06 to 37.46. Subjects ran at 1.5 mis on an 8m runway with and 
without shoes. Tibial acceleration data were collected via a skin-mounted accelerometer, 
and the force characteristics of the impact during the run were collected on a force plate. 
The study revealed no significant differences between the low-and high-arch groups with 
respect to impact loading at the lower back. However, low-arch runners did reveal a 
- -----· -
tendency towards higher values of loading and tibial acceleration in both shod and 
barefoot conditions. In accordance with other studies, high-arch runners had a tendency 
to transmit a larger component of force into tibial shear rotation rather than tibial 
longitudinal loading. 
Nachbauer & Nigg have done a number of studies investigating the influence of 
arch height on variable such as ground reaction forces and angular motion of the lower 
extremities. Most if not all of these studies are primarily attempts to determine the 
relationship between arch height and running injuries . In a 1992 study (Nachbauer & 
Nigg, 1992), they attempted to correlate arch height, arch deformation under load, and 
ground reaction force patterns. Although the low arch height group's initial medial force · 
p�ak occurred much later than the middle or high arch groups, there were no other ------. .. _______ .,. . ... 
significant relationships established between arch height, arch deformation, and ground 
reaction force data. Significant to this dissertation, the arch height measurements were 
consistent with those seen in Ogon et al. (1999). Medial longitudinal arch height was 
measured with a digital caliper from the lowest med.ial ant<?,rior palpab�e asp�ct of the 
navicular bone to the floor. The means (and ranges) for the low, middle, and high arch 
groups were 1 .86 cm (1.38-2. 1 1), 2.57 cm (2.43-2.82), and 3.27 cm (3.03-3.56), 
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respectively. A study performed in 1993 (with Cole) reported arch height values for 30 
subjects following identical assessment methods. The arch height mean was 2.64 cm, 
with a standard deviation of 0.43. By comparison, Hawes and Sovak (1994) performed a 
large survey of lower body anthropometric measurements of North Americans .  The size 
of the sample was 1197, and the mean arch height, assessed similar to the efforts by 
Nachbauer & Nigg (1992) was 2.12 cm, with a standard deviation of 0.67 cm. Thus the 
navicular height data collected by Nachbauer & Nigg (1992; with Cole, 1993) was 
similar to previously accumulated data. 
Williams and McClay (2000) tested the reliability and validity of various 
methodologies for measuring and assessing arch height . Fifty-one subjects were used, 
and 5 different measurements were taken in each of two weight-bearing instances (10% 
and 90% of body weight) .  The weight-bearing loads were chosen for symmetry around 
the mean (50%) and that the entire plantar regions of the feet were in contact with the 
floor or scale surface during both load situations .  The five measurements taken were 
navicular height (NAH), dorsum height at 50% of total foot length (DH), angle of the 
first ray (FRA), total foot length , and truncated foot length. Following these 
measurements, ratios were determined for the following : navicular height divided by 
foot length, navicular height divided by truncated foot length , dorsum height divided by 
foot length, and dorsum height divided by truncated foot length . Arch mobility was then 
established using an equation for arch deformity included elsewhere . Interclass 
correlation coefficients were determined at both 10% and 90% load conditions. Though 
navicular measurements and ratios were typically high ( ~.92+ ), the between tester 
correlation values plummeted for all values at 90% weight bearing except for the dorsum 
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measurements. Thus, the investigators concluded that, for highest validity and reliability 
measures, the dorsum height/truncated foot length ratio was the best. 
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Chapter III 
Methods and Procedures 
The purpose of this study was to determine effects of arch height, shoe midsole 
·- �- � . ·- . 
stiffness, and drop height on the joint kinematics and kinetics .of the ,lp_wer extermities 
�Y.ting .dro_pjumps. The results from this research may be useful in determining choices 
of drop heights in plyometric training in resistance and speed programs, as well as 
validating jump height estimation methods, the impact of arch structure on jump 
mechanics, and the usefulness of arch motility measures during jumping and landing 
situations. The primary data gathered from this study included the ground reaction force 
and kinematic data. 
Subjects 
The subjects were male college students at The University of Tennessee, 
Knoxville. The athletes were familiar with and had experienced the drop jump form of 
plyometric activity used to elicit data in this study. Subjects were active in lower body 
strength and / or plyometric activity ar least three times per week, had no history of 
serious orthopedic injuries to their lower extremities, and were injury free at' the time of 
the testing. Prior to the testing, the experimental protocol was explained to the subjects. 
The subjects read and signed an Informed Consent Form (Appendix A) approved by the 
Institutional Review Board at The University of Tennessee. Participants also completed 
a personal information form (Appendix B) prior to the testing. 
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Subjects were assigned to two groups based upon their arch height: low arch (n = 
8 ,  age = 21 .4 ± 4.5 , height = 1 .84 ± 0 .05 m, weight = 87 .7 ± 12 .4kg) and high arch (n = 
7,  age = 2 4  ± 4.4 , height = 1 .82 ± 0 .06 m, weight = 81 .4 ± 12 .2 kg). An arch 
measurement session (test session 1 ,  approximately 5 -10 minutes) was conducted to 
determine the arch ratio prior to data collection. This session was done in accordance 
with the protocols set forth by Williams and McClay (2000). Forty-one subjects were 
initially tested in this manner to determine who could participate. A digital caliper was 
used to determine the distance from the dorsum of the foot to the ground at a site 5 0 % 
along the length of the foot. Subjects with an arch ratio of 0.289 or lower during the 10 % 
weight-bearing stance were placed in the low arch group. Subjects with an arch ratio of 
0 .343 or greater during the same weight-bearing condition were placed in the high arch 
group. 
Experimental Protocol 
Anthropometric Measurements 
The participants reported to the Biomechanics/Sports Medicine Lab at The 
University of Tennessee at their prescribed time to participate in test session 2 .  This 
session took approximately 1 .25 to 1 .5 hours to complete. Following the orientation and 
informed consent, subjects performed a five-minute warm-up at a self-selected low­
intensity on a cy9k· ergornetef. Reflective markers were placed at the anatomical 
landmarks of t{e right side of �eir body: the lateral acromion process just below the 
acromioclavicular joint, the lateral aspect of the greater trochanter, the lateral aspect of 
the tibiofemoral joint space, the lateral malleolus, the heel, and the head of the fifth 
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metatarsal. Anthropometric measurements were taken for the length and circumferences 
of the segments of the lower extremity. All measurements were taken with the subject in 
a neutral standing position, except for the arch height. The arch height measurements, in 
accordance with methods established by Williams & McClay (2000), were gathered in a 
stance with one leg on a scale and one leg on an adjacent surface. The arch structure 
measurements consisted of determination of the height of the dorsum at 50% of the foot 
length and a truncated foot length; the latter was measured from the most posterior aspect 
of the calcaneus to the first metarsophalangeal joint. The arch ratio was determined by 
dividing the dorsum measurement by the truncated foot length. 
A 10% weight-bearing stance and a 90% weight-bearing stance were used to elicit 
weight-bearing and non-weight-bearing conditions. Subjects were asked to displace their 
weight from one foot to the other according to the respective measurement at the time. 
The anthropometric and arch measurements were taken on the right side. Each 
measurement was repeated three times, with the mean value used for further analyses in 
the study. 
Data Collection 
Following the measurements, the subjects performed three maximal vertical 
counter-movement jumps to determine their maximum jump height. Subjects attained a 
�� ............ 
standing posture with the right foot on the foree platform and the left foot on the adjacent_ 
floor. Subjects then performed maximum counter-movement jump with armswing. 
Jump height was measured using a Vertec jumping board (Korney Board Aids, Inc., 
Roxton, TX) with one foot on the force platform and one on the adjacent floor surface. 
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Simultaneous recording of the ground reaction data was conducted. The maximum of 
three jump heights was used to determine the consequent drop heights of 33 ,  66, and 
100% of this maximal mean value. In order to further validate and test contrasting 
theories in estimation of jump height, flight time, measured by a lack of ground reaction 
force on the platform seen during the airborne phase of the jump, was used in association 
with Newtonian law to determine maximum height in the following equations: 
where: 
Vt = tr *  g/2 
H = V/ I 2*g, 
Vt = takeoff velocity 
tr = flight time 
g = acceleration due to gravity 
H = height of projectile. 
This method is reliable when we assume that the instantaneous starting and ending height 
for the center of mass of the subjects is the same (Artaega, 2000; Baca, 1999; Hatze, 
1998). 
Following the assessment of the maximal jump height, subjects proceeded to 
perform drop jumps. Subjects performed five trials in each of nine conditions, for a total 
of 45 jumps. The nine test conditions are a combination of three shoes of different 
midsole densities (soft, normal ,  and hard) and three drop heights (33 , 66, and 100% of 
maximum jump height). The testing shoes were identical except for their midsole 
density. Proper dropping technique involved reaching the right foot out over the vertical 
plane of the force platform to allow the left foot time to catch up to the right during the 
drop so that they both contact the ground at the same _time. Subjects were cautioned to 
refrain from lowering their body prior to the step-off by keeping the left leg as straight as 
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possible, thus avoiding the problem of actually dropping from a lower height than 
prescribed. This technique also caused the subjects to land with a more vertical posture, 
eliminating the potential problems of a touchdown with the knees already flexed to an 
appreciable degree. Subjects were told to land in such a way as to keep their weight on 
the balls of their feet to not only potentiate the time to the consequent jump but also to 
minimize energy loss due to heel contact following landing. Subjects were informed to 
keep ground contact time to a minimum. Some counter-movement was expected, and 
encouraged to a degree, but minimal contact time was used to monitor the jumping 
performance. The subjects were encouraged to jump as high as possible (with the 
maximum height of their pretest as the target). Subjects were allowed to use arm-swing 
as a means for reaching their full jumping potential. Following the completion of five 
acceptable trials, subjects rested for approximately two minutes while shoes and drop 
height platform changes were made. 
Instrumentation 
The measurement of anthropometric, ground reaction force, and videographic 
data _was done with a plastic measuring tape, alloy meter stick, force platform, trigger 
O
+-Computer 
1 .... ----1 
._ Boxes for drop height 
c=D 
Camera) 
□ ._ Force platform 
Figure 1. Instrumentation set-up for data collection during drop jumps. 
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device, reference frame, video camera, and a biomechanical system for collecting and 
processing data (Ariel Dynamic Inc.). The experimental set-up is displayed in Figure 1. 
Force Platform 
An AMT! force platform (Advanced Mechanical Technology Inc., OR6-7-2000) 
was interfaced via an analog-to-digital converter (Computer Boards, Inc.) to a computer 
to measure ground reaction forces (GRF) and moments of force occurring during the foot 
contact with the force platform. The platform simultaneously measures three GRF 
components along the XYZ axes (Fy: anterior-posterior, Fx: medial-lateral, and Fz: 
vertical, respectively) and three moment components about the same XYZ axes (My, Mx, 
and Mz). These forces and moments were collected and stored via a biomechanical 
system (APAS, Ariel Dynamics, Inc). Ground reaction force data were sampled at a 
frequency of 1200 Hz for a period of 1 second. Data collection was initiated with a · 
trigger level of 15 N from Fz. 
Video System 
One digital video camera (GR-DVL9800, JVC) was used to obtain the right 
sagittal view of the participants during their performance, with the frame rate set at 120 
Hz. The camera lens was set perpendicular to the plane of motion at a distance of six 
meters. The camera was leveled via an Empire Magnetic Torpedo Level 581-9 (Empire 
Level Manufacturing Co., Milwaukee, WI) to minimize image distortion. Prior to the 
actual data collection, a reference frame (186.69 cm x 140.97 cm) was captured on video. 
This reference frame provided a scale to obtain the actual coordinates of the reflective 
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markers in the lab reference system from an image coordinate system. A fixed reflective 
marker was placed on the ground in the view of the camera to serve as the origin of the 
kinematic reference system. A trigger with a light-emitting device (LED) was connected 
to the force platform and served as a synchronization signal between the GRF data and 
the kinematic data . The trigger device had a threshold of 15 N, and emitted a light source 
seen by the camera as well as a small voltage that was recorded by the AP AS system. 
Footwear 
All subjects were provided with three pairs of basketball shoes (Adidas) that were 
identical in construction and appearance except for midsole density during testing . The 
three pairs of the shoes included three different midsole density: soft (Shore C - 45), 
normal (Shore C - 55) and hard (Shore C - 70) . 
Data Processing and Analysis 
GRF Data 
Force platform data were collected and stored using the Ariel Performance 
Analysis System (APAS). Force an� moment signals were converted to Newtons and 
Newton-meters respectively using conversion factors derived from ·parameters 
established by the manufacturer and the amplification gains set for each of the six 
channels previously described. All GRF values were normalized by body mass (divided 
by kg) and drop height (multiplied by m). Drop height was multiplied by the mass 
normalized GRF values because of the positive incremental influence of drop height on 
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all GRF variables . GRF related variables were thus in units of Nm/kg for peakGRF 
variables and Nsm2/kg for impulse related variables . 
Kinematic Data 
Upon completion of each trial, the video data was captured in ULEAD 4.0 and 
trimmed using the AP AS REALCAP module. This process saved the video image onto 
the hard drive of the computer. Each sequence of video images was trimmed beginning 
at 20 frames prior to landing and ending 10 frames following maximal vertical height 
attainment. The trimmed video sequence was then digitized to determine the coordinates • 
of the reflective markers placed on the body. A low-pass fourth-order Butterworth digital 
filter (zero-lag) smoothed the data points and curves. The cut-off frequency for 
individual x and y coordinates of each reflective marker were optimized (Jackson, 1979), 
and ranged from 0.5 to 7.0 Hz. All angular kinematic values were normalized by drop 
height (in meters). Linear kinematic variables (drop height, jump height, takeoff 
velocity, and time values) were not normalized. Linear displacement (i .e . ,  jump height) 
had units of m or cm. Angular kinematic variables were normalized by the drop height 
with angular displacement (i .e. ,  contact angle & ROM) in a unit of deg· m and angular 
velocities in a unit of deg· mis. 
Joint Kinetics 
The body was modeled as a four-segment link system: trunk, thigh, shank, and 
foot, with three joints: hip, knee, and ankle. The inverse dynamic approach was utilized 
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to compute the kinetics for the lower extremity joints. The dynamic equations of the joint 
moments are (see Figures 2, 3, and 4 for modeling of each segment): 
Ma = (Ir * ar) + (FZrd * DYrd) - (FZrp * DYrp) - (FYrp * DZrd) + (FYfp + DZrp) 
Mk = (l1 * a1) + (FZ1d * DY1d) - (FZ1p * DY1p) - (FY1p * DZ1d) + (FY1p + DZ1p) - Ma 
Mh = 01 * a1) + (FZ1d * DY td) - (FZ1p * DY 1p) + (FY 1p * DZtd) - (FY 1p + DZ1p) - Mk 
where: DZ = vertical distance from COM to one end of a segment, DY = horizontal distance from, COM 
to one end of a segment, FZ = vertical force, FY = horizontal force, M = moment of force, I = moment of 
inertia of a segment, a = angular acceleration about COM, f = foot, l = leg , t = thigh, a = ankle joint, k = 
knee joint, h = hip joint, p = proximal, d = distal. 
Power can be defined and calculated from: 
where: P = power 
. Mi = net muscle moment about the joint in question. 
Wi = net angular velocity about the joint in question. 
Eccentric muscle work was computed as the integration of power during the landing 
phase over time. Similarly, concentric muscle work was calculated as the integration of 
power over time during the jumping phase. Work variables were also normalized by 
body mass and drop height yielding a unit of J· m/kg. 
Variables of Interest 
The kinetic and kinematic variables of interest in this study included the peak GRF in the 
landing phase (LMax), the time to LMax (TLMax), the total contact time on the ground 
(TOT), the contact time in the landing phase (LT), the contact time in the jumping phase 
(JT), the peak ORF in the takeoff phase (JMax), the time to Jmax (TJMax), the range of 
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Figure 2: Free-body diagram of the foot 
Figure 3: Free-body diagram of the leg 
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Figure 4: Free-body diagram of the thigh 
motion at each joint for each phase during the drop jump (TJMax), the range of motion at 
each joint for each phase during the drop jump (LROM, JROM), the contact angle for 
each joint (CA), the contact velocity of each joint (CV), the maximum angular velocity of 
each joint (L or Jmaxv), and the absolute and percent eccentric muscular work of each 
lower extremity joint during the landing and jumping phases . 
The amortization phase of the drop jump has �een defined as the time period 
between the onset of minimum center of mass and the first significant upward movement 
of the center or mass . Some have defined it more simply as the point at which the 
velocity of the COM is zero. For the purpose of this study, the ammortization "phase" 
(time) was defined as a time when the lowest vertical position of the center of mass was 
reached. The vertical position of the hip joint was used to obtain the vertical COG 
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position. Thus, the landing phase was defined as the time period from the initial contact 
to this time whereas the jumping phase was defined as the time period from the time to 
the takeoff. 
Statistical Analysis 
Descriptive statistics were done on all variables (mean and standard deviation). 
Selected kinematic and kinetic variables were evaluated using a mixed 2 x 3 x 3 (group x 
height x midsole density) repeated measures ANOV As . Post-hoc analyses were done 
using GLM and t-test instruments. Significance level was set at a<0.05. Statistical 
analyses were conducted using SPSS version 9.0 and Microsoft Excel version 5.0 
programs. 
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Chapter IV 
Results 
Group differences that were detected in linear kinematics and GRF data are 
presented in Table 1 (See Appendix A and B for complete group and subject linear 
kinematics and GRF tables). The significant differences between the arch height groups 
for drop height (Dht) were due to a significant difference in the height of the initial 
maximum vertical jumping trials (high arch: 53 .74 ± 3 .62 cm, low arch: 60.8 1  ± 5 . 14 
cm). T�e statistical results showed no significant differences exi sted in the drop jump 
height during the experiment. The post hoc analysis indicated that comparisons among 
the heights for each midsole density were all significant. The percent transition time, 
defined as the percent landing time (the occurrence of the lowest vertical position of the 
hip joint) with respect to the total contact time, yielded significant inter-group differences 
for the soft midsole at all h�ight levels and for the normal midsole at low and medium 
heights. JMax values for the low arch group were significantly greater than those of the 
high arch group for the normal midsole at the low height, the normal midsole at the high 
height, and the hard midsole at the high height. 
Selected GRF and kinematic variables collapsed across group are displayed in 
Table 2. LMax exhibited significant main effects for height and midsole. The LMax of 
the hard midsole was significantly less than the normal midsole at each height level, and 
was also significantly less than the soft midsole at the highest height (Table 2). Jlmp and 
Ump values had a significant main effect for height. 
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Table 1. Mean group values for selected GRF and linear kinematic variables 
Dht Trans% JMax 
Arch GrouE Arch GrouE Arch GrouE 
Droe Height Midsole Low High Low High Low High 
Soft 20.08* 17 .80 46.00* 4 1 . 16 6.45 5 .77 
( 1 .63) ( 1 .4 1 )  (2.76) (6.2 1 )  ( 1 . 1 8) ( 1 . 32) 
Low Normal 20.08* 19.26 42.69 4 1 .68 7.09* 5 .49 
( l .63) (4.46) (2. 8 1 )  (6.36) ( 1 .08) ( 1 .46) 
Hard 20.00* 17 .67 43 .38 42.44 6.87 5 .61  
( 1 .68) ( 1 .5 1 ) (2.98) (6.2) ( 1 .07) ( 1 .22) 
Soft 40. 1 3*  35 .47 44.99* 39.66 13 .73  1 1 .52 
(3 . 17) (2.79) (3 .4) (4.94) (2.25) (3 .39) 
Medium Normal 40.26* 36.94 43.37* 40.65 14.05 1 1 .25 
(3 . 1 ) (4.6 1)  (2.4) (3.5) ( 1 .95) (3 .88) 
Hard 40. 1 3*  35 .57 42.76 4 1 . 16  14. 15 1 1 .34 
(3 . 17) (2.8 1 )  (2.86) (4.27) (2.77) (2.3 1)  
Soft 60.46* 53 .69 44.80* 39.87 20.49 16. 87 
(5 . 1 2) (4.33) (3.49) (3 .85) (4. 84) (4.34) 
High Normal 56. 1 8*  54 .03 43 .05*  4 1 .59 21 . 87*  17 .01 
( 12.9) (4. 19) (2.59) (4. 14) (3 .20) . (3 .88) 
Hard 60.03* 53 .29 42.65 4 1 .52 21 . 1 1  * 1 6.21 
(5 . 19) (4.08) (3 .57) (2.69) (3 .66) ( 1 . 86) 
Note: Dht: drop height, Transition %: ratio of landing over total time, Jmax: max Fz in jumping phase. 
Dht values in cm, JMax values in N*m/kg. * indicates significantly different from high arch 
group within variable. 
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Table 2. Mean values for selected GRF and linear kinematic variables 
Droe Height Midsole Jht TOV LT JT LMax Lime Jime 
Low 
Medium 
High 
Soft 35.86 2.68 0. 155 
(7 . 17) (0.29) (0.04) 
Normal 33 .92 2.60 0. 147 
(7. 84) (0.29) (0.05) 
Hard 34.7 1 2.63 0. 150 
(7 .24) (0.23) {0.05) 
Soft 36.7 1 2.74 0. 154 
(7.78) (0.29) (0.04) 
Normal 34.27 2.63 0. 144 
(8. 1 1 ) (0.30) (0.04) 
Hard 35 .01 2.67 0. 146 
(6 .92) (0.25) (0.04) 
Soft 36.30 2.74 0. 153 
(7.26) (0.29) (0.04) 
Normal 34.88 2.64 0. 144 
(7 .46) (0.26) (0.03) 
Hard 34.29 2.63 0. 1 5 1  
(7.7 1 )  (0.30) (0.03) 
0. 197 
(0.04) 
0. 197 
(0.05) 
0. 194 
(0.05) 
0.207 
(0.05) 
0. 196 
(0.05) 
0.202 
(0.05) 
0.207 
(0.06) 
0. 198 
(0.05) 
0.2 1 1 
(0.05) 
7.72 
(2.9 1) 
7 .56 
(2.7 1) 
8 .45 b 
(3 .69) 
17 .65 
(5.79) 
1 8 .03 
(5.28) 
19.76 b 
(7 .0 1) 
3 1 . 14 
(8.9 1) 
3 1 .96 
(9.33) 
37 .62 a,b 
( 1 3 .01)  
0.67 0.9 1 
(0. 1 8) (0. 19) 
0.64 0.90 
(0. 17) (0. 17) 
0.65 0.90 
(0. 16) {0. 192 
1 .49 1 .85 
(0.4 1 ) (0.39) 
1 .44 1 .8 1  
(0.35) (0.34) 
1 .44 1 .86 
(0.32) (0.36) 
2 .45 2.79 
(0.55) (0.48) 
2 .37 2.74 
(0.47) (0.52) 
2.48 2.78 
(0.60) (0.61) 
Note: Jht = jump height. TOV = linear takeoff velocity. L / JT = time in landing / 
jumping phase. LMax = max GRF in land phase. L / Jlmp = impulse during jump phase. 
Jht values in cm, TOV values in mis, Time value in s, Force values in Nm/kg, Impulse 
values in Nsm/kg. 
a : significantly different from soft midsole 
b 
: significantly different from normal midsole 
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Group differences in angular kinematics are presented in Table 3 .  There were no 
group differences at the hip joint, so only ankle and knee variables are represented. A 
group main effect was revealed for knee angular takeoff velocity and for ankle angular 
contact velocity (low arch > high arch in both cases). Knee angular contact velocity (CV) 
was significantly higher for the low arch at the soft midsole level of the high height. 
Knee angular maximum landing velocity (Lmaxv) was significantly less for high arch 
subjects at all three soft midsoles. Low arch group knee angular takeoff velocity �as 
significantly higher at all three soft midsoles and the normal midsole at the medium 
height. The low arch group revealed significantly higher values for contact velocity at all 
three midsoles of the medium height and in the soft and hard midsoles at the high height. 
Low arch group ankle maximum landing angular velocity ·was significantly greater in the 
soft and normal midsoles of the medium height and the soft midsole of the high height. 
The collapsed ankle angular kinematic data is presented in Table 4. The height main 
effect was significant for all angular kinematic variables for both groups at all three 
joints. The ankle joint produced the largest number of significant differences in post hoc 
comparisons. A midsole main effect was detected for ankle contact angle across the 
groups. The contact angle for the hard midsole was significantly less than the normal 
midsole at both medium and high heights, and the soft midsole at the highest height. 
Ankle takeoff velocity was significantly lower at the hard midsole compared with the 
normal midsole at the lowest and highest heights, and the soft midsole at the high height. 
Significant height main effect was evident for knee and hip angular kinematic 
data. There was only one midsole effect for the knee - the hard midsole was significantly 
less than the soft midsole at the highest height in contact velocity. S imilarly, the only hip 
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Table 3. Mean values for group comparisons in ankle angular kinematic data 
Knee Ankle 
CV LMaxv TOV CV LMaxv 
Drop Arch Graue Arch Graue Arch Graue Arch Groue Arch Groue 
Height Midsole Low High Low High Low High Low High Low High 
Soft 52. 1 6  33 .77 73 .70* 54.57 2.90* 1 .7 1  65 .59 55 .7 1 80. 14 70.75 
(2 1 .24) ( 1 8 .93) ( 14. 1 7) ( 1 1 .69) ( 1 .08) (0.5) ( 15 . 39) ( 1 3 . 1 6) (2 1 .66) ( 15 .05) 
Low Normal 52.93 37.5 1 69.61  53.37 2.3 1 1 .77 69.30 55.57 8 1 .65 7 1 .72 
(2 1 .3) ( 1 6.56) ( 1 7  .82) ( 1 2.9 1 )  (0.9 1) ( 1 . 1 6) (2 1 .95) ( 12.53) (25 .98) ( 19.5 1 )  
Hard 50.57 34.84 7 1 .9 1  55 .22 2. 14  1 .85 69 .50 58 .21 84.29 74.63 
(22.94) ( 16.37) ( 1 8. 1 7) ( 15 .97) (0.89) (0.85) (20. 1 6) {17 .3) (24.99) (23 .59) 
Soft 1 25 . 1 3  9 1 .07 1 76.52* 1 33 .97 5 .77* 3.4 1  190.33* 145 . 1 0  23 1 .20* 177.67 
(42 .82) (43 .4) (38.32) (33.4 1 )  ( 1 .6 1 )  ( 1 .69) (28 .72) (33 .02) (37 .02) (38.) 
Medium Normal 125.82 90.4 1 167 .76 136.94 5 . 15*  2.97 1 88.58* 1 5 1 .53 224.33* 1 82.60 
(42.74) (35 .95) (42.93) (30.78) (2.05) ( 1 .22) (37 .2) (22. 17)  (46.98) (39. 17) 
Hard 1 22.86 98 .07 163 .57 140.48 4.45 3.47 19 1 .66* 146.69 225 .28 184.62 
(40.9) (35 .4 1 )  (35 .69) (35 .45) ( l .84) ( 1 .38) (32.96) (24 .57) (43 .28) (4 1 .08) 
Soft 2 1 1 .99* 155.62 285 .77* 228 .29 8.46* 5 .23 337 .60* 265 .72 399.27* 309. 12  
(49. 1 3) (45 .4) (5 1 .44) (43 .39) (2.22) (2.35) (4 1 .2 1 )  (44.7 1 ) (63.72) (58.06) 
High Normal 196.23 163.97 263 .45 23 1 .29 7 .25 5 .26 3 19.4 1  280.02 378.47 327 . 16  
(63.35) (5 1 .2 1 )  (54.28) (53 .37) (2.98) (2.46) (66.01) (38.01) (85 .49) (57.48) 
Hard 203 .72 1 85 .46 268 .55 245 .56 7 .72 5.93 327.99* 263 .74 380.27 3 12.02 
(57.69) (45 .82) (55 .76) (55 .92) (2.63) (2.9) (7 1 .39) (59.79) ( 101 .07) (82.23) 
Note: CA: contact angle, CV: angular contact velocity, Lmaxv: maximum angular velocity landing 
phase, TOV: takeoff angular velocity. CA values in degrees, velocity values in deg*m/s. Height was 
significant for all levels. * = indicates significantly different from high arch group within variable. 
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Note: 
Table 4. Mean values for ankle angular kinematic data 
Droe Height Midsole CA Jmaxv 
Soft - 1 .23 - 1 19 .06 
( 1 .80) (24.87) 
Low Normal - 1 . 1 8  - 1 19 .87 
( 1 .82) (27.23) 
Hard - 1 . 14 - 122.60 
(2.05) (24.80) 
Soft -4.38 -239. 1 8  
(2.55) (49.29) 
Medium Normal -4.38 -244.28 
(2.82) (5 1 .29) 
Hard -3 .53 b -247 .36 
(3 .06) (52.56) 
Soft -7.56 -36 1 . 1 1 
(4. 1 1 ) (69.69) 
High Normal -7.42 -360.37 
(3 .55) (83 .78) 
Hard -5 . 83 a,b -357.28 
(4.78) (86. 1 3) 
LROM JROM 
5.89 10.78 
(2. 10) (2.04) 
5 .82 10.98 
(2.4 1 )  (2. 1 1 ) 
6.23 10.96 
(2.40) (2.00) 
14. 1 9  22.28 
(4.02) (4.29) 
14.06 22.52 
(4.78) (4 . 14) 
14. 1 6  22.85 
(4.34) (4.28) 
22.25 33 .83 
(6. 12) (6.22) 
22.03 33 .64 
(6.63) (6.29) 
22.09 33 .56 
(6:63) (6.66) 
TOV 
-6.09 
( 1 .42) 
-6.30 
( 1 .50) 
-5 . 8 1  b 
( 1 .39) 
- 12.44 
(2.75) 
- 12.75 
(2.82) 
- 12. 1 6  
(3 .00) 
- 19.03 
(4. 1 5) 
- 1 9 .02 
(4. 1 8) 
- 17 .2 1  a,b 
(4.70) 
CA: contact angle, Jmaxv: maximum angular velocity jumping phase, LROM: angular range of 
motion landing phase, JROM: angular range of motion j umping phase, TOV: takeoff angular 
velocity. CA, ROM values in degrees; velocity values in deg*m/sec. Height main effect at each 
level. 
a = significantly different from soft midsole 
b =· significantly different from normal midsole 
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Table 5. Mean values for selected joint kinetic variables in landing phase. 
Raw Work % contribution 
Droe Height Midsole Ankle Knee me Total Ankle Knee Hie 
Soft -0. 1 8  -0.30 -0. 19 -0.67 28 45 27 
Low Normal -0. 1 8  -0.29 -0. 16  -0.63 30 46 23 
Hard -0. 19  -0.30 -0. 16 -0.65 3 1  46 23 
Soft -0.49 -0.8 1 -0.50 - 1 .80 29 44 27 
Medium Normal -0.5 1 -0.78 -0.42 - 1 .72 3 1  45 23 
Hard -0.50 -0.78 -0.46 - 1 .75 30 45 25 
Soft -0.77 - 1 .34 -0.82 -2.93 28 44 28 
High Normal -0.89 - 1 .44 -0.87 -3 . 1 9  28  45 26 
Hard -0.85 - 1 .60 - 1 .03 -3 .47 25 46 28 
Note: Work values in Jm/kg. 
midsole differences occurred in takeoff velocity and contact angle, where the soft 
midsole was significantly greater than the normal midsole at the low height for both 
variables. 
Table 5 displays work during the landing phase. For the eccentric muscular work 
of the three lower extremity joints, a significant height main effect was detected for total. 
and individual joint work for both gro�ps in both landing and jumping phases. A midsole 
main effect was noted f�r percent contribution of total work at the ankle joint. Group 
main effects existed in the jumping phase for percent contribution of total work at the hip 
and knee, and relative work at the hip and knee. Table 6 displays the relevant 
comparison of knee and hip joint work values for the jumping phase between the two 
arch height groups. Only one of the group comparisons (soft midsole, low height for 
percent contribution of total work at the hip) was not significant. Post-hoc analysis 
within group revealed only a few differences: a main effect for height for the percent 
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Table 6. Mean values for selected joint kinetic variables by group in jumping phase 
Raw work % contribution 
Knee HiE Knee HiE 
Drop Total Anlde Arch GrouE Arch GrouE Anlde Arch GrouE Arch GrouE 
Height Midsole Col. Col. High Low High Low Col. High Low High Low 
Soft 1 .23 0.43 0.35 0.53 0.39 0.32 35 30 42 33NS 24 
Low Normal . 1 . 1 8  0.44 0.32 0.52 0.4 0.23 37 28 43 34 19  
Hard 1 .20 0.44 0.34 0.52 0.4 1 0.25 37 29 43 35 20 
Soft 2.50 0.9 1 0.69 1 . 1  0.86 0.54 37 28 43 35 · 20 
Medium Normal . 2.44 0.94 0.67 1 .07 0.77 0.48 38 29 43 33 19  
Hard 2.49 0.95 0.7 1 1 .03 0.82 0.52 38 29 40 34 20 
Soft 3.74 1 .38 1 .02 1 .63 1 .26 0.79 37 28 43 35 20 
High Normal 3 .64 1 .39 1 .0 1  1 .56 1 . 1 2  0.78 38 29 42 32 20 
Hard 3 .61  1 .36 1 .02 1 .5 1 .36 0.63 37 28 43 35 19 
Note: High - high arch height group, Low - low arch height group, Col. - collapsed .across group. Work 
values in Jm/kg. NS = high arch height not significant from low arch height within variable. Significant 
differences found among all heights at each midsole level. 
contribution of the hip towards total work in the low arch group; one height difference 
(low > high) between the soft midsole at the low height and the soft midsole at the high 
height for the percent contribution of the hip towards total work in the low arch group; 
and one midsole difference (hard < soft) between hard and soft midsoles at the medium 
height for the low arch group in the percent contribution of the knee towards total work. 
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Chapter V 
Discussion 
The purpose of this study was to determine the effects of both arch height and 
rnidsole stiffness on the biomechanical performance of drop jumps. One of the two main 
goals of the study was to test for differences between high and low arch groups during 
drop jumps. The most notable differences w�re seen in the joint kinetic data for the knee 
and hip during the jumping phase and in the kinematic variables for the ankle during the 
landing phase. From the joint kinetic data, no significant difference was observed during 
the landing phase for either the hip or knee. Nachbauer and Nigg (1992) stated that no 
differences in the peak vertical impact force occurred in level running among runners of 
high, normal, and low arch. They postulated that, due to the heel-toe progression after 
contact during running, the calcaneus and heel pad constructs, not part of the arch 
structure, are most responsible for the dissipation of impact forces. Drop landings, on the 
contrary, impact at the toe and forefoot first , and then the heel . The first significant non­
bone tissue that is loaded is the arch, which must then act to attenuate as much of the 
force incurred during landing as possible. Ankle kinematic data, rarticularly the group 
differences at contact velocity and landing maximum velocity, provide some information 
as to how the joint is loaded. Higher peak velocities for each of the low arch variables 
may describe better attenuation mechanics in the arch of the high arch subjects. It has 
beei: shO"Y-!!J?.Y_Nac�bauer and Nigg (1992), Williams et al. (2001) , and others that high 
arch runners tend to have higher tibial internal rotation and injury at the knee, while low 
arch runners have greater external excursion, eversion velocity, and external excursion\ 
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tibial internal rotation ratios. The adjustments made due to attenuation by each arch 
structure may cause a lessening of the knee contribution and an increase of the hip 
contribution during extreme concentric loading following a drop landing. 
Low arch subjects tended to have greater angular velocities (contact, landing, 
jumping, and takeoff) at each height and midsole compared with their high arch 
counterparts. Of course, this could be due to the higher drop heights used by the low arch 
subjects. The ratio of drop heights (low/high) was 1.13 , whereas the average difference 
for knee maximum angular velocity (low/high) was 1 .28 . Thus, some of the difference in 
angular velocities could potentially be explained by the original significant difference in 
drop height. Most of the significant" group difference in the joint kinematics in this study 
occurred at the ankle joint. The foot and ankle are the first structures that are involved in 
attenuating impact forces experienced by the body during landing, thus it would be 
logical to assume that any significant differences associated with arch height would first 
appear in the joint closest to the area of force production. The angular contact velocity 
for the low arch group was statistically greater than the high arch group in all three 
midsoles at the medium height and in the soft and hard midsoles at the high height: 
Significantly greater values also occurred for the low arch group in the maximum angular 
velocity of the ankle in the landing phase in the soft midsole at both medium and high 
height and in the hard midsole at high height. The greater peak ankle velocities for the 
ankle, coupled with the similarities at the hip and knee joints during this phase, would 
seem to dictate that the low arch subjects had to work harder in order to achieve the 
similar drop jump height as the high arch participants. This effect was also reflected by 
the fact that the low arch participants spent a longer relative time in the landing (greater 
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% transition time). The low arch subjects could elicit higher peak values because they 
are less capable to attenuate the impact forces in the ankle/foot regions, whereas high 
arch subjects could dampen more effectively the peak forces due to the arch construction. 
The knee joint also produced significantly greater results for the low arch group in 
the contact velocity (for the soft midsole at the highest height) and the maximum landing 
velocity (all soft midsoles). However, the takeoff velocity was significantly greater for 
the low arch for heights in all soft midsoles and in the normal midsole for the medium 
height. Thus it would seem that the soft midsoles elicited a greater takeoff velocity, 
potentially compensate for the damping effect of the softer midsole compared to the hard 
and normal midsoles. 
Jump height was not significantly different between the groups (Table 1 ) .  The 
high arch group did have a slight (35.58 cm to 34.68 cm) advantage in mean jump height. 
When those values were normalized by drop height, the high arch group demonstrated a 
relatively better performance: 66% vs 60% of the maximum pre-trial jump height. The 
effect of the arch height on jump performance, whether countermovement, squat, or drop, 
is still unknown. The performers could be less proficient at drop jumps, thus lessening 
their performance in this study. It could be the case that high-arch performers are not as 
adept at countermovement jumps, thus lowering their pre-trial performance. This may be 
a prudent supposition when countermovement vertical jump (CMVJ) are considered to be 
at least a partial rearfoot stance activity. Training background could also come into play 
in the performance of CMVJ. Some research evidence supports a GRF difference 
between the low and high-arch performance during heel contact activities like running 
and walking (Nachbauer & Nigg, 1992; Williams et al., 2001 ; Hamill et al., 1 995). 
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However, the high-arch runners did exhibit a higher loading rate during running 
(Williams et al. , 2 001). According to the authors, this higher loading rate was due to the 
construct of the arch, and caused high-arch runners to move into midstance slightly ahead 
of their low-arch counterparts. This was supported by the results of a faster landing 
phase for the high-arch subjects in the current study. 
The time variables for the landing and jumping phases were relatively consistent 
with prior findings on countermovement drop jumps (Bobbert et al. ,  1987 I, II; Walshe 
and Wilson, 1997 ;  Holcomb et al. ,  1996 ). The high arch subjects did display a trend 
towards longer landing and jumping time compared to their low arch counterparts (Low 
arch: LT = 0.142 ± 0.11 s, JT = 0.182 ± 0.14 s; High arch: LT = 0.15 7 ± 0 .12 s, JT = 
0.223 ± 0.15 s). When landing values are expressed as a ratio of total time, the high arch 
group exhibits a significantly lower time to transition (Table 1). These numbers for 
transition phase are similar to those found during drop jumps for all subjects in Fowler & 
Lees (1998 - 45 %) and in Bobbert et al. (1987 II - 46 %), and for trained subjects in 
Viitasalo et al. (1998 -3 9% ). Though the transition percentages are intriguing, perhaps 
they are misleading to a degree. Angular velocities at each joint were lower for high arch 
subjects apparently because they tended to take longer to perform each phase of the drop 
jump. Unlike Bobbert et al. (1987 II) the distance to the lowest -vertical hip position was 
not deemed of importance to this study. If this variable had been included irt the analysis, 
perhaps it would show that the high arch subjects drop further. The low arch subjects did 
land with slightly greater contact angles and ROMs for the knee and ankle joints, whereas 
high arch subjects had the opposite trend-for the hip joint. Another possibility is that the 
high arch group spent more time at or near their lowest vertical hip position, on which 
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landing and jumping phases were defined. The lower peak values in angular kinematics 
could insinuate that high arch subjects were better able to dissipate impact forces with 
longer landing time. However, it could also mean that high arch subjects, though better 
at reducing peak values, must balance this attenuation with more time spent in the 
jumping phase. The attenuation supposition is not supported by the some of the previous 
research (Nachbaur & Nigg, 1992) about the arch differences seen in runners, where the 
high arch subjects tend to land harder and have more trouble adequately damping impact 
forces. Again, however, the mode of landing is different in this study compared to the 
cited work above. 
The high arch subjects also produced lower (non-significant) LMax, JMax, Limp, 
and Jlmp values for almost every comparison (Jlmp at high height being the only 
exception) between the two groups (even though not statistically significant). High arch 
subjects could be more economical in drop jump mechanics, as well as being lighter (87.7 
kg for low, 8 1 .4 kg for high). As anticipated, the drop height was a significant 
differentiator for almost all variables selected for observation in the present study. Only 
a few variables (jump height, landing and total contact time, and percent of hip and knee 
contribution to total work) did not exhibit any significant height effects. The lack of 
differences in the jump height was not unexpected. S�e authors that have studied drop 
jumps have found that the drop heights does not significantly impact rebound heights 
(Bobbert et al ., 1 987 II, Bedi et al., 1 987, Bosco, et al., 1 979, Viitosalo et al ., 1 998). 
Three graphs of vertical ground reaction force curves are displayed in Figure 5 .  
These curves show three representative graphs of  Fz output during the drop jump. 
Between the general shape of these curves, approximately three-quarters of all 
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Figure 5. Representative GRF_ curves of three different subject drop j ump trials from medium 
height at soft midsole. [a] == low arch subject, [b] == high arch subject, [c] == low arch subject. 
56 
representative curves can be classified. The first type of GRF curves (Figure 5 a) is 
characterized by a plateau in the middle, where the transition from LMax to JMax occurs 
with no real apparent valley in the middle. This is most representative of a bounce-style 
drop jump, where forefoot contact is usually the only significant impact. The second type 
of GRF curves (Figure 5 b) demonstrates a small first impact peak in GRF and a 
significant LMax peak, followed by a relatively stable force output during the transition 
from landing to jumping. This subject was classified as "high arch," and demonstrates 
the longer total drop-jump time, but shorter transition time. The third typical GRF curve 
(Figure 5 c) shows a typical drop jump landing shape with a relatively greater first peak 
GRF during landing, LMax, and a distinct JMax occurred after the lowest vertical 
positioning of the COM is achieved. This subject was also classified as "low arch." 
Few significant differences between midsoles were revealed in this research. The 
significant differences occured in LMax, ankle CA, and ankle angular TOV. The hard 
midsoles had significantly lower ankle contact angles thari the normal midsoles at the 
highest and normal heights, and less ankle _ angular TOV at the highest and medium 
heights. The hard midsole was also significantly lower than the soft midsole at the 
highest height in both aforementioned variables. S tefanyshyn & Nigg (2000) found that 
stiff midsoles reduced the amount of energy absorbed at the metatarsophalangeal joint 
and improved the vertical jump height. Walshe & Wilson ( 1997),- however, argued in 
their research that the highest load, imposed at the highest heights, would trigger a greater 
percentage of the lower extremity inhibitors as a protective measure. This also could 
conceivably explain the lower TOV values of the ankle joint in this study. 
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Table 7 lists selected GRF and kinematic variables from this study and Bobbert's 
(1987 II) research. The landing and jumping times are relatively consistent across both 
studies, as are the drop and jump heights. Main differences between this study �nd 
Bobbert's ( 1987 II) occur in JMax, Jlrnp, and Ump. Some of these differences may be 
attributed to the differences in instrumentation: a Kistler force platform sampled at 500 
Hz in Bobbert et al. 0987 II) vs. an AMTI force platform sampled at �200 HZ in the 
current study. The discrepancy may be also due to the difference in the subject body 
mass (84 kg for this study vs 78 kg in Bobbert et al., 1987 II), differences in actual drop 
heights (20 , 31 , and 49 cm in Bobbert et al., 1987 II), hand positioning, and footwear 
choices. Actual drop height has come under scrutiny as a source of error for drop jumps. 
Kibele (1999) reviews articles and thei! methodologies regarding drop height (eg. 
Bobbert et al., 1987 II). He states that many subjects, particularly as height increases, 
Table 7. Selected time, height, and GRF variables coexistent in Bobbert et al. (1987 
II) and present study. 
Investigator 
Bobbert ( 1987 II) 
Low arch 
High arch 
Condition 
Low (20 cm) 
Med (40 cm) 
High (60 cm) 
Low (20. 1 cm) 
Med ( 40.2 cm) 
High (60 cm) 
Low ( 17 .5 cm) 
Med (35.6 cm) 
High (53.3 cm) 
JMax 
2,682 
3 ,5 15 
4,496 
1 ,605 
2,026 
2,607 
1 ,940 
2,062 
2,290 
Lime Jime LT JT 
1 .97 2. 15 0. 17  0. 1 8  
2.47 2.39 0. 14 0. 16  
3.09 2.3 0. 1 5  0. 1 9  
1 .655 2.26 0. 14 0. 1 8  
1 .885 2.3 1 0. 14  0. 1 8  
2. 12  2.28 0. 14 0. 1 8  
1 .805 2.525 0. 16  0.2 1 
1 .94 2.575 0. 15  0.22 
2. 1 3  2.605 0. 1 6  0.23 
Units: JMax values in N, J/Llmp values in Ns, UJT in s, Jht in m 
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Jht 
0.38 
0.38 
0.38 
0.35 
0.35 
0.34 
0.35 
0.36 
0.36 
will step down instead of stepping off from the intended height and the COG vertical 
position is compromised. In the present study, the subjects were constantly and 
consistently reminded about the proper drop technique to ensure that they were 
maintaining their COG vertical position as close to the required drop height as possible 
prior to their stepping off the block. 
The work values in the present study also showed some differences from those in 
the Bobbert ' s  study ( 1 987 II). Table 8 shows a comparison between the Bobbert 's study 
and the present study for the maximum velocity values, work, and percent contribution to 
total work by each joint at each height for both landing and jumping phases . Bobbert's 
subjects tended to use their ankles more and hips less in landing than the present study's 
subjects. The ankle disparity may be due to footwear differences. Basketball shoes used 
in this study restrict the motion of the ankle, thus creating a potential disparity. If the 
ankle is restricted and the knee is nearly fully loaded, the hip joint must compensate and 
increase its contribution. Jump phase numbers were more similar than landing phase 
between the two projects . Although the subjects in Bobbert ( 1 987 II) again had higher 
velocity values (approximately 30% greater) , the subjects of the present study 
compensated for this with greater work values at each joint. The subjects in Bobbert et 
al . ( 1987 II) were relatively consistent in terms of relative contribution to total work by 
each joint for the landing and jumping phases. Ankle contribution averaged 41 %, knee 
contribll:tion averaged 42%, and hip contribution 17% of the total work for both phases . 
In fact, only the highest height in the landing phase shows numbers that seem appreciably 
different from these values. The subjects in the present study had an average ankle 
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Table 8: Select kinematic and kinetic variables of comparison between 
Bobbert et al (1987 II) and present study. 
Investigator 
Bobbert 
Low arch 
Present study 
High arch 
Present study 
Condition 
Low (20 cm) 
ankle 
knee 
hie 
Med (40 cm) 
ankle 
knee 
hiE 
High (60 cm) 
ankle 
knee 
hie 
Low (20. 1 cm) 
ankle 
knee 
hie 
Med ( 40.2 cm) 
ankle 
knee 
hiE 
High (60 cm) 
ankle 
knee 
hie 
Low ( 17.5 cm) 
ankle 
knee 
hie 
Med (35:6 cm) 
ankle 
knee 
hie 
High (53 .3 cm) 
ankle 
knee 
hiE 
Landing 
Maxv Work 
-579 - 1 15 
-424 - 124 
-.275 -45 
-808 - 147 
-464 - 153 
-258 -59 
- 1026 - 177 
-539 -244 
-355 -68 
-82 -75 
-357 - 1 36 
- 1 87 -68 
-227 - 1 10 
-4 1 8  - 1 83 
-225 -95 
-387 - 128 
-452 -222 
-254 - 1 07 
-72 -87 
-3 12 - 128 
- 1 86 -82 
- 1 82 - 1 10 
-385 - 1 64 
-23 1  - 1 12 
-3 16 - 1 1 8  
-438 -206 
-299 - 1 64 
JumEing 
%work Maxv Work %work 
0.40 883 156 0.39 
0.44 8 14 172 0.43 
0. 16  533 70 0. 1 8  
0.4 1 848 179 0.43 
0.43 808 164 0.39 
0. 16  539 73 0. 1 8  
0.36 8 14 159 0.39 
0.50 83 1  156 0.39 
0. 14 562 90 0.22 
0.27 655 1 87 0.36 
0.48 630 220 0.42 
0.24 425 1 1 1  0.2 1 
0.28 652 201 0.38 
0.47 630 223 0.42 
0.24 420 108 0.20 
0.28 65 1 199 0.38 
0.49 623 22 1 0.43 
0.23 4 10  98 0. 19  
0.29 6 17  203 0.37 
0.43 645 16 1  0.29 
0.28 480 190 0 .34 
0.28 624 21 1 0.37 
0.42 657 162 0.29 
0.29 477 192 0.34 
0.24 607 2 10  0.37 
0.42 652 159 0.28 
0.34 482 199 0.35 
Note: Maxv = maximum angular velocity, % work is contribution of relevant joint to total work 
performed 
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contribution of approximately 28% during landing and 37 % during jumping. However, 
as noted previously, relative knee and hip contributions varied significantly. The low 
arch subjects reduced their knee contribution from 48 % to 42 % from the landing to the 
jumping, whereas their high arch counterparts dropped their contribution at the knee from 
42 % to 2 9%. The hip contribution for the low arch group was 2 4% during the landing 
and 2 0 %  during the jumping, contrasted to 30 % during the landing and 34% during the 
jumping for the high arch group. Thus, it would appear that although the two studies had 
some similar methodology and procedures, differences existed in the mechanics and 
performance of these tasks between the studies. The subjects in Bobbert' s study were 
asked to performed the drop jump with their hands on the hip whereas in the current 
study the subjects were free ( even encouraged) to use their arm swing during their 
performance. This may have increased the amount of average force, maximum landing 
velocity, and time during landing for the present study. Harman et al. (1990) and Ravin 
et al (1999) found that arm swing contributed to significant differences in landing time, 
kinetics, and kinematics during various jumping activities. 
In conclusion, the arch height seems to influence landing biomechanics through 
the contact time, angular velocities, and joint work at the knee a�d hip. The most 
impressive finding uncovered during this study was the difference - in reliance on the knee 
and hip joints during the jump phase. Midsole had fewer effects than arch height. It 
could very well be that the combined effect of the arch heights and the midsoles might 
disguise potential differences that may have been noticed if investigating one or the other 
alone. Perhaps the midsole differences were not enough in light of the extre�e loading 
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that took place during the study to elicit disparities between them. Hard midsoles tended 
to elicit lesser responses than their soft and normal counterparts , especially in GRF and 
angular kinematic variables . Soft midsoles tended to cause larger values in angular 
velocities, particularly in landing. Further research into this area should investigate 
similar mechanical v�riables with a larger and more athletic population, different shoe 
types, wider ranges of midsole densities , and longitudinal effects of footwear and / or 
training on drop jump performance 
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The influence of midsole denstiy and arch height on the biomechanical 
characteristics of plyometric drop jumps. 
INFORMED CONSENT FORM 
Principal Investigator: 
Bill Evans, Jr. 
Biomechanics / Sports Medicine Lab 
The University of Tennessee. 
Knoxville, TN 37996 
(865) 946-6864 
wevans2 @utk.edu 
Faculty Advisor: 
Songning Zhang, Ph. D. 
Biomechanics / Sports Medicine Lab 
The University of Tennessee 
Knoxville, TN 37996 
(865) 974-47 16  
szhang@utk.edu 
You are invited to participate in a research study entitled "The influence of 
midsole density and arch height on the biomechanical characteristics of plyometric drop 
jumps" which examines effects of midsole density and arch height on the biomechanics 
of drop jump from differing heights. 
You are aware that you need to participate in two test sessions: The first session 
(5 to 10 minutes) consists of the measurement of your arch height and foot length. The 
second session will. include practice and data collection ( 1 .25- 1.5 hrs). The second 
session will begin with a riding a stationary bike for five minutes to induce increases in 
muscle temperature and blood flow to the lower extremities. The girth and length qf 
lower extremity segments will be measured and recorded afterwards. Reflective markers 
will be placed on the right side of the shoulder, hip, knee, ankle, heel, and head of the 
fifth metatarsal. Once these are in place, you will perform three maximal vertical jumps 
from a standing position to determine your maximal jump height attainable. From these 
heights, the drop heights for the tests will be determined. You will then be asked to 
perform five step-off drop jumps in each of nine conditions - three different heights 
corresponding to 30%, 70%, and 100% of your maximal jump height wearing three 
different shoes of various midsole densities. The presentation order of the heights and 
shoes will be randomized. You will wear shoes provided by Biomechanics and Sports 
Medicine Lab during the tests. During the testing, data from a force platform and a video 
camera will be simultaneously recorded. 
Potential Risks and Benefits 
The potential risks include an ankle sprain and a muscular strain of the lower 
extremity from landing in an unbalanced fashion and from the consequent explosive 
jump. These risks will be minimized through proper warm-up and sufficient practice 
before the test. All tests will be conducted and the equipment handled by the qualified 
research personnel in the Biomechanics and Sports Medicine Lab. You will be 
encouraged to warm up actively prior to the testing session so that you feel physically 
prepared to perform effectively and thus minimize any chances of injuries. In an event of 
physical injuries resulting from the test, standard first aid procedures will be administered 
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as necessary. At least one researcher with a basic knowledge of athletic training and/or 
first aid procedures will be present at each test session. The University of Tennessee 
does not automatically provide reimbursement for medical care or other compensation. 
Your benefits from participating in this study include better understanding of ground 
reaction force and impact shock attenuation in landing performance. You are welcome to 
make an appointment to review the data from your test. In addition, if you wish to have a 
copy of the results of the study, please let the investigator know. 
Confidentiality 
Your identity as a subject will be held in a strict confidential manner during and 
after the study. The description of your data will be coded numerically and will be 
referred to by a subject number. Only the principal investigator, his advisor and qualified 
Biomechanics and Sports Medicine Lab personnel will have access to subject information 
and data. Data will be stored on hard drives of computers in the Biomechanics and Sports 
Medicine Lab during the study, and will be backed up onto zip disks/CDs and erased 
from the hard drives after the completion of the study. Subject information sheets, 
videotapes, and backup data cartridges will be stored in a locked file cabinet in the office 
of the principal investigator ' s  advisor. 
If you have questions at any time about the study or the procedures, or experience 
adverse effects as a result of participating in this study, you may contact Bill Evans, Jr., at 
(865) 974-2091, or Songning Zhang at (865) 974-1271. If you have questions about your 
rights as a participant, contact the Compliance Section of the Office of Research at (865) 
974-3466. Your participation is completely voluntary and your decision regarding 
whether or not to participate wi l l  involve no penalty or loss of benefits to which you are 
otherwise entitled . If you withdraw from the study before data collection is completed, 
your data will be destroyed. 
I have read the above information and agree to participate in this study. I have 
received a copy of this form. 
Participant' s  name 
Participant 's  signature 
Investigator 
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Table 9. Subject Information 
Subject Groue Age W eight(kg) Height(m) 10%arch 90%arch TrFt 10%ratio CMVJ 
5 H 28 92.27 1 .78 7 .77 7 .40 2 1 .57 0.360 53 .5 
7 H 24 78. 1 8  1 . 83 7 .32 7.63 2 1  0.349 5 1 .2 
8 H 24 7 1 .02 1 .9 1  7 .41 6.78 2 1 .6 0.343 57.3 
9 H 20 100.45 1 .9 1  8 . 1 9  7 . 83 22.8 0.359 57 . 1  
1 1  H 3 1  64.55 1 .78 7 .56 7 .3 1 20.8 0.363 54. 1 
12 H 23 84.09 1 .78 7 .56 6.92 22.05 0.343 53 .3 
16 H 1 8  79.55 1 .75 i.9 1  · 6 .85 22.9 0.345 47 .6 
Mean 24.00 8 1 .44 1 .82 7.67 7 .25 2 1 .82 0.35 53 .44 
S.D. ( 4.43) ( 12.2 1 ) (0.06) (0.30) (0.4 1)  (0.82) (0.01 )  (3 .36) 
1 L 20 79.66 1 . 9 1  6.47 6.27 23 .26 0.278 52.9 
2 L 19 89.55 1 .93 6.65 6.3 1 23.2 1 0.286 58.4 
3 L 23 100.00 1 .80 6.26 6. 17  23 0.272 66. 1 
4 L 19 90.00 1 .78 6.74 6.32 23 .47 0.287 63.2 
10 L 19  89.55 1 .83 6.64 6.6 1 23 .2 0.286 52.4 
1 3  L 20 70.45 1 .83 6.64 6.34 23 0.289 6 1 .2 
14 L 32 75 .00 1 .83 6. 1 8  6 . 10  22.2 0.278 65 .9 
15  L 19  107.27 1 .83 6.80 6.49 23 .5 0.289 63.5 
Mean 2 1 .38 87 .68 1 . 84 6.55 6.33 23. 1 1  0.28 60.45 
S .D. (4.50) ( 12.36) (0.05) (0.23) (0. 1 6) (0.4 1 )  (0.0 1)  (5 .4 1 )  
Note: For Group, L = Low arch, H = high arch; 10%/90%arch = dorsum height during 10%/90% 
wieght bearing stance at 50% of foot length in cm; Tr Ft = truncated foot length in cm; 10%ratio = 
ratio of dorsum height to truncated foot length in 10% weight-bearing stance; CMVJ = 
countermovement vertical jump in cm. 
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Table 10 . Grand mean and standard deviation for ground reaction force data. 
DroE Height Midsole LMax JMax LlmE Jlm_Q 
Soft 7.72 6 . 14 0.67 0.9 1 
(2.9 1)  ( 1 .30) (0. 1 8) (0. 19) 
Low Normal 7 .56 6.36 0.64 0.90 
(2.7 1 )  ( 1 .5 1 )  (0. 1 7) (0. 1 7) 
Hard 8 .45 6.35 0.65 0.90 
(3.69) ( 1 .29) (0. 1 6) (0. 19) 
Soft 17.65 12.5 1 1 .49 1 .85 
(5 .79) (3 .25) (0.4 1)  (0.39) 
Medium Normal 1 8 .03 12.87 1 .44 1 .8 1  
(5 .28) (2.68) (0.35) (0.34) 
Hard 19.76 12.86 1 .44 1 .86 
(7 .01) (2 .94) (0.32) (0.36) 
Soft 3 1 . 14 1 8 .76 2.45 2.79 
(8.9 1 )  (4.83) (0.55) (0.48) 
High Normal 3 1 .96 1 9.57 2.37 2.74 
(9.33) (4.26) (0.47) (0.52) 
Hard 37.62 1 8. 80 2.48 2.78 
( 13 .01) (3 .92) (0.60) (0 .61 )  
Note: UJMax = max GRF in land/jump phase, J /Llmp = impulse during jump phase. 
Force values in Nm/kg, �mpulse values in Nsm/kg. Standard deviation values in parenthesis. 
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Table 1 1 . Group mean and standard deviation for ground reaction force data. 
Groue Droe Height Midsole F2 J max L ime J ime 
Soft 7.41 6.46 0.74 0.92 
( l .94) ( 1 .23) (0. 1 8) (0 . 12) 
Low Low Normal 7.67 7 . 10  0.64 0.9 1 
( 1 .76) ( 1 . 1 8) (0. 1 6) (0. 1 6) 
Hard 7.98 6.87 0.63 0.9 1 
(2.48} ( 1 .07) (0. 15) (0. 17) 
Soft 1 8 .34 1 3 .69 1 .60 1 .83 
(5 .3 1)  (2.47) (0.40) (0.33) 
Medium Normal 19 . 1 3  14.08 1 .5 1  1 .84 
(4.55) (2. 10) · (0.33) (0.32) 
Hard 20.62 1 4. 1 5  1 .45 1 .88 
(5 . 1 1 ) (2. 8 1 )  (0.35) (0.32) 
Soft 33 .7 1 20.47 2 .68 2.75 
(7.37) (4.76) (0.55) (0.43) 
High Normal 34.89 2 1 .74 2.52 2.68 
(8 . 1 1 ) (3 .32) (0.48) (0.50) 
Hard 43 .43 2 1 . 12 2.57 2.78 
( 12. 1 0) (3 .80) (0.67) (0.632 
Groue Height Midsole LMax JMax Lime Jime 
Soft 8 .07 5 .77 0.59 0.9 1 
(3.7 1)  ( 1 .29) (0. 14) (0.24) 
High Low Normal 7 .44 5.50 0.63 0.89 
(3.53) ( 1 .41 )  (0. 19) (0. 1 8) 
Hard 9.07 5 .68 0.69 0.88 
(4.8 1 )  ( 1 .26) (0. 17) (0.2 1)  
Soft 1 6.86 1 1 . 15 1 .36 1 .89 
(6.28) (3.53) (0.37) (0.45) 
Medium Normal 16 .80 1 1 .52 1 .36 1 .78 
(5 . 82) (2.64) (0.37) (0.37) 
Hard 1 8.75 1 1 .35 1 .43 1 . 82 
(8.7 1) (2.32) {0.30) (0.402 
Soft 28.28 16.87- 2.20 2 .84 
(9.69) (4.20) (0.43) (0.53) 
High Normal 28.69 17. 14 2 .21 2.80 
(9.62) (3 .89) (0.4 1)  (0.55) 
Hard 3 1 . 14 16.22 2.38 2.78 
�10.852 �1 .942 (0.5 1 )  (0.59) 
Note: UJMax = max GRF in land/jump phase, J /Ump = impulse during jump phase. 
Force values in Nm/kg, Impulse values in Nsm/kg. Standard deviation values in parenthesis. 
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Table 12 . Subject mean and standard deviations for ground reaction force data. 
Subject Drop Height Midsole LMax JMax Limp Jlmp 
Soft 5 .96 5 . 1 1  0.66 0.83 
( 1 .43) (0.39) (0.07) (0.05) 
1 Low Normal 8 .78 7.7 1 0.50 0.67 (0.7 1 )  (0.34) (0.04) (0.04) 
Hard 6.84 7 .24 0.53 0.69 
(0.58) (0.24) (0.05) (0.06) 
Soft 1 6.30 12.62 1 .40 1 .5 1  
(2.55) (0.95) (0.08) (0. 1 )  
Medium Normal 1 8 .90 15 .04 1 .26 1 .30 (4. 1 )  ( 1 . 17) (0. 1 ) (0.06) 
Hard 2 1 . 16 14.34 1 .32 1 .40 
( 1 .23) (0.87) (0. 1 3) (0.07) 
Soft 29 .65 16.98 2.37 2.25 
(5 . 1 4) (0.63) (0.23) (0. 1 7) 
High Normal 36.28 22.70 2.04 1 .88 (4.38) (0.7 1 )  (0. 1 3) (0.09) 
Hard 40.56 2 1 .73 2. 15 2.04 
(5 .42) ( 1 .64) (0. 1 9) (0.34) 
Subject Drop Height Midsole LMax JMax Limp Jlmp 
Soft 6.00 5.93 0.6 1 0.93 
(0.4) (0.23) (0.06) (0.07) 
2 Low Normal 5 .01 7 .07 0.48 0.87 (0.28) (0.27) (0.04) (0.03) 
Hard 4.84 7 .00 0.48 0.87 
(0.5 1 )  (0.56) (0.04) (0.02) 
Soft 13 .02 12.42 1 .20 1 .68 
(0.53) (0.8 1 )  (0.04) (0.07) 
Medium Normal 1 3 .03 13 .09 1 . 1 1  1 .66 (0. 8 1 )  (0.93) (0. 14) (0.07) 
Hard 1 3 .99 14.5 1 1 .00 1 .68 
( 1 .08) (0.6) (0. 12) (0.05) 
Soft 25.37 17 .40 2. 16  2.52 
(2.07) . ( 1 .38) (0. 12) (0.07) 
High Normal 27 .93 2 1 .43 1 .98 2.53 (3 .82) (2.4 1 )  (0. 1 3) (0.09) 
Hard 27 .28 20.89 1 .84 2.58 
(3 .39) ( 1 .95) (0.22) (0. 3 1 )  
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Table 1 2. (Continued) 
Subject Drop Height Midsole LMax JMax Limp Jlmp 
Soft 8.92 8.70 0.78 0.98 
( 1 .03) (0.66) (0.07) (0.05) 
3 Low Normal 9.2 1 8 .96 0.73 1 .07 (0.67) (0.32) (0. 12) (0. 1 2) 
Hard 9.7 1 8 .68 0.77 1 .00 
( 1 .02) (0.34) (0. 12) (0. 1 3) 
Soft 2 1 .25 1 8 .06 1 .73 1 .84 
(3 .26) ( 1 .89) (0.36) (0.46) 
Medium Normal 20. 10  17 .48 1 .53 2. 19 
(2.3) ( 1 .48) (0.2 1)  (0. 14) 
Hard 25.79 19.74 1 .83 1 .89 
(2. 1 5) ( 1 .2) (0. 1 8) (0. 1 )  
Soft 4 1 .64 29.47 2.99 2.60 
(3 . 1 3) (0.95) (0.2 1 )  (0.22) 
High 
Normal 35.62 27 .77 2.7 1 3 .26 
(5.63) ( l .69) (0. 1 ) (0. 1 )  
Hard 44.86 27 . 12 2.55 3 .27 
(4.34) ( 1 . 1 9) (0.36) (0.2) 
Subject Drop Height Midsole LMax JMax Limp Jlmp 
Soft 9.27 6.9 1 0.90 1 .00 
( 1 .25) (0.45) (0. 14) (0.07) 
4 Low 
Normal 7.53 7.28 0.86 0.95 
( l .74) ( 1 .39) (0. 17) (0. 14) 
Hard 7.23 6.67 0.82 1 .08 
. (0.86) (0.5) (0. 1 1 ) (0. 1 3) 
Soft 27.48 1 5 .36 2. 1 8  1 .98 
(3.04) (2.64) (0. 1 8) (0.27) 
Medium Normal 1 9.49 13 .67 2.03 2.02 (2.74) (0.3 1)  (0.25) (0. 12) 
Hard 17 .26 1 3 .4 1 1 .88 2. 14 
(3 . 1 8) (0.46) (0.25) (0.26) 
Soft 39.6 1 20.27 3 .26 3 . 14  
(5 .98) ( 1 .0 1 )  (0.22) (0. 17) 
High Normal 40.56 20. 33 3.22 3 .08 (2. 1 8) ( 1 .66) (0. 1 3) (0. 1 1 ) 
Hard 54.38 24.7 1 3.70 2.63 
(2.76) (2.2) (0.89) (0.99) 
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Table 12. (Continued) 
Subject Drop Height Midsole LMax JMax Llmp Jimp 
Soft 5 .87 5 .61  0.63 0.70 
(0.7 1 )  (0.27) (0.04) (0.05) 
5 Low 
Normal 5 . 1 5  4.99 0.64 0.78 
(0.6 1 )  (0.24) (0.05) (0.03) 
Hard 7.79 5 .49 0.67 0.65 
( 1 .24) (0.38) (0.06) (0.09) 
Soft 1 6. 1 3  1 1 . 1 9  1 .49 1 .4 1  
( 1 . 86) (0.73) (0.39) (0.4) 
Medium Normal 19 .37 1 1 .79 1 .40 1 .48 (3. 12) (0.78) (0.08) (0.08) 
Hard 19 .93 1 1 .53 1 .32 1 .55 
(2.29) (0.37) (0. 1 1 ) (0.07) 
Soft 3 1 .94 1 6.54 2.22 2.33 
(5 .45) (0.89) (0. 1 1 ) (0. 1 1 ) 
High 
Normal 32. 1 3  17 .34 2. 10 2.32 
(3 .4) (0.5 1 )  (0. 1 )  (0. 19) 
Hard 38 .49 15 .69 2. 1 8 - 2.6 1 
(2.9 1 )  (0.6) (0.33) (0.25) 
Subject Drop Height Midsole LMax JMax Llmp Jimp 
Soft 7.00 5 .46 0.52 0.90 
(2.22) (0.58) (0. 14) (0.29) 
7 Low 
Normal 5 .29 4.98 0.67 0.77 
(0.54) (0.4 1 )  (0.07) (0.06) 
Hard 5 .35 4.58 0.68 0.80 
(0.39) (0. 14) (0.08) (0. 1 ) 
Soft 12 . 19  8 .33 1 .42 1 .87 
(2.27) (0.96) (0. 1 1 ) (0. 19) 
Medium · Normal 1 3 .70 10.25 1 .29 1 .65 (2.84) (0.62) (0. 14) (0.06) 
Hard 10.57 9 .92 1 .24 1 .68 
( l .76) (0.37) (0.07) (0. 1 6) 
Soft 22.80 14.39 2.25 2.53 
(3 .) (0.73) (0.32) (0.3) 
High Normal 20. 14 14.25 2.28 2.63 
( l .97) (0.96) (0.27) (0. 1 6) 
Hard 26.26 15 .80 2.05 2.34 
(6.87) ( 1 .36) (0. 12) (0.32) 
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Table 12. (Continued) 
Subject Drop Height Midsole LMax JMax Ump Jlmp 
Soft 1 6. 1 1  7 .75 0.59 0.80 
( 1 .03) (0.27) (0. 1 )  (0. 1 )  
8 Low Normal 15 . 1 1 8 .02 0.43 0.90 ( 1 .54) (0.49) (0.07) (0.09) 
Hard 1 8 . 1 1  8 .02 0.53 0.84 
(4.36) (0.4 1 )  (0. 14) (0. 1 )  
Soft 28.65 16.33 1 . 12 1 .6 1  
(6. 1 8) ( 1 .34) (0.3) (0.33) 
Medium Normal 26.69 16 .25 1 .25 1 .69 (5 .47) ( 1 .07) (0. 1 3) (0. 1 6) 
Hard 34.86 15 .74 1 .32 1 .73 
(7.83) ( 1 .4 1 )  (0. 15) (0.3) 
Soft 4 1 . 1 3  25 . 1 1  1 .76 2.66 
(7.84) ( 1 . 14) (0.46) (0.49) 
High Normal 38 .56 23 .22 2.28 2 .61 ( 1 1 . 14) (2.59) (0.23) (0. 12) 
Hard 39.35 17 .93 3. 1 3  3 .07 
( 1 0.2 1) ( 1 . 19) (0.25) (0.32) 
Subject Drop Height Midsole LMax JMax Limp Jlmp 
Soft 7 . 14 4.60 0.7 1 1 . 14 
( 1 . 1 ) (0.2) (0.05) (0.04) 
9 Low Normal 6 .66 4.48 0. 8 1  1 . 1 7  ( 1 .4 1 )  (0. 1 6) (0.08) (0.06) 
Hard 9.09 4.38 0.76 1 . 19  
( 1 .46) (0. 1 6) (0.01 )  (0.07) 
Soft 17 . 1 6  9.29 1 .47 2.33 
(0.86) (0.35) (0. 1 1 ) (0. 12) 
Medium Normal 1 6.82 8.93 1 .63 2.35 (2.) (0.23) (0. 1 1 ) (0. 17) 
Hard 19 .4 1  8 .66 1 .67 2.44 
(2.33) (0.45) (0. 19) (0.08) 
Soft 30.35 1 3 .63 2.40 3 .62 
(4.86) (0.57) (0.06) (0.26) 
High 
Normal 30.96 13 .40 2.45 3.53 
(5 .42) (0.35) (0.34) (0.22) 
Hard 34.34 12.70 2.59 3 .66 
(7.59) (0.48) (0.32) (0. 15) 
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Table 12 . (Continued) 
Subject Drop Height Midsole LMax JMax Limp Jlmp 
Soft 4. 12  6.0 1 0.42 0.67 
(0.97) (0.73) (0.07) (0.06) 
10 Low Normal 5.7 1 6.64 0.48 0.68 ( 1 . 1 5) (0.56) (0.06) (0.05) 
Hard 5 .02 6.39 0.45 0.67 
(0.56) (0.45) (0.08) (0.03) 
Soft 14.66 13 .63 1 . 16 1 .49 
(2.9 1 )  ( 1 .69) (0. 14) (0. 1 8) 
Medium Normal 13 .83 12.94 1 .27 1 .5 1  (2.32) ( 1 .27) (0. 1 1 ) (0.08) 
Hard 14.67 1 3 .06 1 . 12 1 .58  
( 1 . 1 5) ( 1 .56) (0.3 1 )  (0. 1 8) 
Soft 26.68 2 1 .4 1  1 .83 2.2 1 
(2.88) ( 1 .22) (0.2) (0. 14) 
High Normal 22.90 20.54 2. 1 3  2.03 (3 .05) ( 1 .25) (0.28) (0. 13) 
Hard 27 .48 20. 1 8  2.05 2. 1 8  
(3 .33) (2. 12) (0.28) (0.3 1 )  
Subject Drop Height Midsole LMax JMax Limp Jlmp 
Soft 9.00 7 .2 1  0.48 0.77 
(0.6) (0.6) (0.05) (0.04) 
1 1  Low Normal 8.45 6.86 0.48 0.73 (0.8 1 )  (0.34) (0.08) (0.05) 
Hard 10. 1 3  6.01 0.66 0.8 1 
( 1 .75) (0.6 1 )  (0.09) (0.06) 
Soft 19.08 12.20 1 . 15 1 .52 
( 1 .42) (0.97) (0. 17) (0.09) 
Medium · Normal 1 8 . 1 8  13 .8 1 1 .04 1 .47 (3.63) (0.57) (0. 13) (0.09) 
Hard 22.23 1 1 .24 1 .70 1 .60 
(5.69) (0.69) (0.2 1 )  (0.08) 
Soft 37 .03 1 8 .60 1 .92 2.46 
(8.25) ( 1 .9 1) (0. 12) (0.07) 
High Normal 37.78 20.35 1 .76 2.25 (7.76) ( 1 .05) (0.23) (0. 1 1 ) 
Hard 4 1 .53 1 8 . 1 7  2.08 2.48 
(8.69) (0.66) (0.07) (0.07) 
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Table 12. (Continued) 
Subject Drop Height Midsole LMax JMax Ump Jlmp 
Soft 6.70 5 .72 0.77 1 .26 
(0.5) (0.29) (0. 12) (0.27) 
12 Low Normal 6.01 5 .29 0.93 1 .09 (0.37) (0. 16) (0.05) (0.07) 
Hard 5 .33 5 .80 0.97 1 . 10 
(0.45) (0.63) (0.09) (0. 1 )  
Soft 1 3 .92 14.54 2.01 2.62 
(2.3) (4.46) (0.3) (0. 17) 
Medium Normal 12.57 10.97 2.03 2.27 ( 1 .2) ( 1 .08) (0. 19) (0.04) 
Hard 12.22 12 .49 1 .80 2.29 
( 1 .22) (0.62) (0. 1 1 ) (0. 1 )  
Soft 19 .45 17 .86 2.92 3 .43 
(2.25) ( 1 .2 1 )  (0.2 1 ) (0. 16) 
High Normal 19.88 17 .88 2.77 3 .57 (3 .63) (2.68) (0.33) (0.34) 
Hard 17 .5 1 17 .29 2 .87 3 . 3 1  
(0.77) ( 1 . 1 1 ) (0.2) (0.2 1) 
Subject Drop Height Midsole LMax JMax Ump Jlmp 
Soft 6.94 6.57 0.69 0.99 
( 1 .22) (0.72) (0. 1 1 ) (0.09) 
1 3  Low Normal 7 .62 6.42 0.64 1 .02 ( 1 . 1 8) (0.35) (0.06) (0.04) 
Hard 1 0.22 5 .7 1  0.66 1 .03 
( l .89) (0.55) (0. 15) (0. 1 1 ) 
Soft 14.26 14.69 1 .59 1 .92 
(2.84) (0.4 1 )  (0.2) (0. 1 1 ) 
Medium Normal 23 .46 14.69 1 .49 2.03 (4.34) ( 1 .59) (0.2 1 )  (0.2 1 )  
Hard 24.27 1 1 .59 1 .54 2.2 1 
(3 .77) ( 1 .2 1 )  (0.2 1 )  (0.2) 
Soft 36.74 25 .59 2.6 1 2.78 
(8 .48) ( 1 . 85) (0.09) (0. 1 1 ) 
. High Normal 38 . 19 24.4 1 2.52 2.86 (9. 1 8) ( 1 .7) (0. 19) (0.22) 
Hard 61 .30 16.26 2.82 3 .09 
(7. 14) ( 1 .09) (0.24) (0.23) 
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Table 12. (Continued) 
Subject Drop Height Midsole LMax JMax Llmp Jlmp 
Soft 8 .58 7.2 1 0.86 1 .0 1  
( 1 .01 )  (0.63) (0. 1 )  (0.05) 
14 Low Normal 8.98 7.39 0.7 1 0.98 ( 1 . 14) (0.6 1) (0.09) (0.05) 
Hard 9.64 7 .8 1 0.67 0.94 
( 1 .59) (0.44) (0.04) (0.07) 
Soft 19.24 12.08 1 .99 2.22 
(2. 1 3) (0.7) (0.27) (0.23) 
Medium Normal 2 1 .46 14.7 1 1 .63 1 .99 (2.5) (0.65) (0.03) (0. 15) 
Hard 22.64 15 .78 1 .56 1 .97 
( 1 .36) ( 1 .83) (0. 1 3) (0.2) 
Soft 33 .24 15 .69 3 . 37 3 .26 
(4.2) ( 1 . 1 1 ) (0. 1 3) (0. 14) 
High Normal 45 .09 20.83 3 .07 3 .02 (6.) (2.68) (0.29) (0.35) 
Hard 42.73 2 1 . 39 2.99 2.89 
(8 . 1 3) ( 1 .22) (0.23) (0. 1 6) 
Subject Drop Height Midsole LMax JMax Llmp Jlmp 
Soft 8 .80 5 . 1 8  0.94 0.87 
(0.64) (0. 12) (0.05) (0.06) 
15 Low Normal 8 . 10 5 .24 0.7 1 0.98 ( 1 .43) (0.38) (0. 1 2) (0.08) 
Hard 10.33 5 .50 0.67 1 .00 
(2.26) (0. 12) (0.03) (0. 1 1 ) 
Soft 22.3 1 1 1 .0 1  1 .70 2.0 1 
(5 .42) (0.86) (0.44) (0.3 1 )  
Medium 
· Normal 2 1 .72 10.76 1 .69 1 .94 
(4.78) (0.44) (0.3) (0.25) 
Hard 25 . 16  10.78 1 .34 2 . 19 
(5.03) (0.25) (0. 15) (0. 16) 
Soft 38 .94 17 .09 2.66 3 . 12 
(4.6) (0.94) (0.55) (0.44) 
High Normal 34.73 16.94 2.67 2.94 (4.96) (0.7 1 )  (0.24) (0. 13) 
Hard 45 .62 16.63 2.27 3 .49 
(7 . 14) (0. 8 1) (0. 1 3) (0.39) 
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Table 12. (Continued) 
Subject Drop Height Midsole LMax JMax Limp Jlmp 
Soft 4.69 4.03 0.43 0.8 1 
( 1 .22) (0.2) (0.07) (0.05) 
16  Low Normal 5.00 3 .80 0.46 0.76 (0.72) (0. 1 8) (0.02) (0.02) 
Hard 4.60 4.01 0.39 0.49 
(2.75) (2.24) (0.22) (0.28) 
Soft 10.34 6.86 0.98 1 .98 
( 1 .46) (0.46) (0.06) . (0. 1 )  
Medium Normal 10.25 8.65 0.92 1 .55 (0.63) (0.39) (0.2) (0.25) 
Hard 12.72 9.84 1 .02 1 .4 1  
(2.06) ( 1 .04) (0.04) (0.06) 
Soft 1 8 .39 1 1 .94 1 .9 1  2.87 
(3 .61)  (0.82) (0. 19) (0.3) 
High Normal 15 .61  10. 12 1 .37 2. 1 3  (8. 86) (5.68) (0.77) ( 1 .2) 
Hard 20.49 15 .94 1 .76 2.00 
( l .65) (0.5 1)  (0. 1 3) (0. 14) 
Note: UJMax ·== max GRF in land/jump phase, J /Limp == impulse during jump phase. 
Force values in Nm/kg, Impulse values in Nsm/kg. Standard deviation values in parenthesis. 
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APPENDIX D 
LINEAR KINEMATICS 
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Table 1 3. Grand mean and standard deviation for linear kinematic data. 
Droe Height Midsole Dht Jht TOV TOT LT JT trans% 
Soft 19.03 35 .86 2.68 0.352 0. 155 0. 197 43.64 
( l .9 1 )  (7 . 1 7) (0.29) (0.08) (0.04) (0.04) (5 .27) 
Low Normal 19 .03 33 .92 2.60 0.344 0. 147 0. 197 42 .30 
( l.9 1)  (7.84) (0.29) (0.09) (0.05) (0.05) (4.83) 
Hard 18 .95 34.7 1 2.63 0.343 0. 1 50 0. 194 43 .07 
{l .982 (7 .24) (0.23) (0.092 {0.05) (0.05) (4.77) 
Soft 37.99 36.7 1 2.74 0.361 0. 1 54 0.207 42.60 
(3 .79) (7.78) (0.29) (0.09) (0.04) (0.05) (4.96) 
Medium Normal 38.04 34.27 2.63 0.340 0. 144 0. 196 42 . 1 8  
(3 .77) (8. 1 1 ) (0.30) (0.08) (0.04) (0.05) (3 .23) 
Hard · 38 .00 35.01 2.67 0.348 0. 146 0.202 41 .93 
(3 .76) (6.92) {0.25) (0.08) (0.04) {0.0_5) (3.62) 
Soft 57 .07 36.30 2.74 0.360 0. 153  0.207 42.56 
(5 .87) (7 .26) (0.29) (0.09) (0.04) (0.06) (4.42) 
, High Normal 56.89 34 .88  2.64 0.34 1 0. 144 0. 198 42.22 
(5 .66) (7 .46) (0.26) (0.08) (0.03) (0.05) (3.34) 
Hard 56.79 34.29 2.63 0.361 0. 1 5 1  0.21 1 4 1 .95 
(5 .76) (7 .7 1 )  (0.302 (0.08) (0.03) (0.05) (3.2 1)  
Note: Dht = drop height, Jht = jump height, TOV = takeoff velocity, TOT = total contact time, IJJT = time 
in land/jump phase, trans% = ratio of time in land phase versus total contact time.Dht and Jht values in cm, 
TOV values in mis, time values in s. Standard deviation values in parenth 
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Table 14. Group mean and standard deviation for linear kinematic data. 
Groue Droe Height Midsole Dht Jht TOV TOT LT JT trans% 
Soft 20.08 36.92 2.78 0.344 0. 1 59 0. 1 85 46.00 
( 1 .63) (6.02) (0.23) (0.05) (0.03) (0.02) (2.76) 
Low Low Normal 20.08 33.04 2.62 0.3 1 1  0. 1 33 0. 1 78 42.69 
( 1 .63) (6.88) (0.26) (0.06) (0.03) (0.03) (2 .8 1) 
Hard 20.00 34.06 2.65 0.3 15 0. 137 0. 178 43 .38 
( 1 .68) (6.2 1 )  (0.22) (0.05) (0.02) (0.03) (2 .98) 
Soft 40. 1 3  37.74 2.8 1  0.337 0. 152 0. 1 85 44.99 
(3. 17) (7.5) (0.27) (0.06) (0.03) (0.03) (3 .4) 
Medium Normal 40.26 33.23 2.63 0.32 1 0. 139 0. 1 8 1  43.37 
(3. 1 )  (7 .54) (0.27) (0.06) (0.03) (0.03) (2.4) 
Hard 40. 1 3  33.45 2.63 0.322 0. 1 38  0. 1 84 42.76 
(3 . 1 7) (5.7) (0.2 1 )  (0.06) (0.03) (0.04) (2 .86) 
Soft 60.46 36.66 2.75 0.334 0. 1 5 1  0. 1 84 44.80 
(5 . 1 2) (7.43) (0.27) (0.07) (0.04) (0.03) (3 .49) 
High Normal 56. 1 8  34.74 2.69 0.3 17 0. 1 37 0. 1 8 1  43.05 
( 12.9) (6.7) (0.2) (0.07) (0.03) (0.04) (2.59) 
Hard 60.03 32.29 2.57 0.325 0. 138 0. 1 87 42.65 
(5 . 19) (6.47) (0.32) (0.06) (0.03) (0.04) (3 .57) 
Groue Droe Height Midsole Dht Jht TOV TOT LT JT trans% 
Soft 17 .80 34.53 2.57 0. 366 0. 153 0.2 13  4 1 . 16 
( 1 .4 1 )  (8.22) (0.32) (0. 1 )  (0.05) (0.05) (6.2 1 )  
High Low Normal 19.26 35 . 14 2.57 0.377 0. 1 6 1  0.2 16  4 1 .68 
(4.46) (8.77) (0.3 I ) (0. 1 1 ) (0.06) (0.06) (6.36) 
Hard 17 .67 35 .67 2.61 0.376 0. 164 0.2 12  42.44 
( 1 .5 1 ) (8.3) (0.25) (0. 1 1 ) (0.06) (0.06) (6.2) 
Soft 35 .47 35 .43 2.66 0.385 0. 153 0.232 39 .66 
(2.79) (8 .01 )  (0.3) (0. 1 1 ) (0.05) (0.07) (4.94) 
Medium Normal 36.94 35.37 2.62 0.366 0. 150 0.2 16  40.65 
(4.6 1) (8.64) (0.32) (0. 1) (0.05) (0.06) (3.5) 
Hard 35.57 36.87 2.73 0.380 0. 157 0.223 4 1 . 16 
(2. 8' 1 )  (7 .8) (0.29) (0.09) (0.04) (0.05) (4.27) 
Soft 53.69 35. 19 2.70 0.390 0. 155 0.234 39.87 
(4.33) (7 .35) (0.3 1 )  (0. 1 )  (0.04) (0.07) (3 .85) 
High Normal 54.03 35.33 2.6 1 0.366 0. 152 0.2 14 4 1 .59 
( 4. 19) (8. 1 8) (0.3 1 )  (0.08) (0.04) (0.05) (4. 14) 
Hard 53 .29 36.68 2.70 0. 399 0. 164 0.234 41 .52 
(4.08) (8 .43) (0.28) (0.08) (0.03) (0.06) (2.69) 
Note: Dht = drop height, Jht = jump height, TOV = takeoff velocity, TOT = total contact time, UJT = time 
in land/jump phase, trans% = ratio of time in land phase versus total contact time.Dht and Jht values in cm, 
TOV values in mis, time values in s. Standard deviation values in parenthesis. 
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Table 15 .  Subject mean and standard deviation for linear kinematic data. 
Subject Droe Height Midsole Dht Jht Jht Ek TOV TOT LT JT Trans% 
Soft 43 .08 44.2 2.96 0.367 0. 1 66 0.201 45 . 10 
(0.72) (0.08) (0.04) (0.03) (0.02) (3 .03) 
1 Low Normal 1 8  28.46 3 1 .5 2.5 1 0.227 0.089 0. 1 38  39.49 
( 1 . 8) (0. 1 )  (0.02) (0.00) (0.01)  (0. 8 1) 
Hard 30.60 33.9 2.60 0.257 0. 109 0. 147 42.53 
{2.76} (0. 1 1) {0.01) (0.01 )  (0.01 )  ( 1 .8) 
Soft 37.88 4 1 .2 2.9 1 0.308 0. 14 1  0. 1 67 45 .59 
(2. 12) (0.03) (0.02) (0.01)  (0.01 )  (0.43) 
Medium Normal 36 28. 12 3 1 .3 2.48 0.247 0. 1 05 0. 142 42.3 1 
(3 .62) (0. 14) (0.03) (0.02) (0.0 1 )  (3 .46) 
Hard 33 . 12 35.9 2 .69 0.26 1 0. 1 14 0. 148 43 .62 
( 1 .77) (0.06) (0.02) (0.0 1) (0.00) (2.47) 
Soft 36.84 39.2 2.84 0.330 0 . 150 0. 1 80 45.44 
(2.03) (0.09) (0.02) (0.02) (0.0 1)  (3 .25) 
High Normal 53 29. 10 34. 1 2.60 0.243 0. 103 0. 14 1  42. 10 
(3.22) (0. 17) (0.0 1 )  (0.0 1 )  (0.00) ( 1 . 8 1 )  
Hard 28.98 3 1 .5 2.55 0.260 0. 1 14 0. 146 43.96 
(2.55) (0. 1 )  (0.0 1)  (0.0 1 )  (0.01) ( 1 .36) 
Subject DroE Height Midsole Dht Jht Jht Ek TOV TOT LT JT Trans% 
Soft 26.88 28.5 2 .48 0.357 0. 1 65 0. 192 46.33 
(0.99) (0.06) (0.0 1 )  (0.0 1 )  (0.01)  ( 1 .52) 
2 Low Normal 20 26.82 29 2.49 0.307 0. 140 0. 167 45 .73 
( 1 .77) (0.08) (0.01)  (0.00) (0.01)  ( 1 . 19) 
Hard 26. 12  28.3 2.48 0.3 10  0. 140 0. 1 70 45 .21 
( 1 .29) (0.09) (0.0 1)  (0.00) (0.0 1 )  (0.54) 
Soft 25.36 26.8 2.45 0.322 0. 1 39 0. 1 82 43 .27 
( 1 .93) (0.08) (0.0 1 )  (0.0 1 )  (0.00) (0.78) 
Medium Normal 39 24.54 26.5 2 .4 1  0.305 0 . 1 30 0. 1 75 42.6 1 
( 1 .59) (0.03) (0.02) (0.01 )  (0.0 1) ( 1 .28) 
Hard 25 .66 27.9 2.46 0.283 0 . 122 0. 1 62 43.00 
( 1 .53) {0.06) (0.0 1 )  (0.0 1� (0.0 1)  (0.70) 
Soft 24.64 28 2.39 0.337 0. 142 0. 1 95 42.0 1 
(2.76) (0. 15) (0.03) (0.0 1 )  (0.0 1 )  (0.87) 
High Normal 58 25 .40 27.5 2.45 0.283 0. 1 17 0. 1 67 4 1 . 1 8  
( 1 .35) (0.05) (0.03) (0.0 1 )  (0.01 )  - (0.86) 
Hard 23. 10 24.4 2.34 0.286 0. 1 1 8 0. 1 68 4 1 .2 1  
(0.99) (0.06) (0.02) (0.0 1 )  (0.01)  ( 1 .27} 
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Table 15. (Continued) 
Subject DroE Height Midsole Dht Jht Jht Ek TOV TOT LT JT Trans% 
Soft 37.66 40.6 2 .87 0.290 0. 126 0. 1 64 43.33 
( l .95) (0.07) (0.0 1 )  (0.0 1 )  (0.01 )  (0.83) 
3 Low Normal 22 39.62 4 1 .7 2.95 0.282 0. 1 19 0. 163 42. 1 5  
( 1 . 8 1 )  (0.07) (0.02) (0.0 1 )  (0.01)  (2.03) 
Hard 38.38 4 1 .4 2.80 0.288  0. 12 1  0. 168 4 1 .96 
(3.02) (0. 12) (0.0 1 )  (0.01) (0.0 1 )  (3 .43) 
Soft 34.82 38.4 2.7 1 0.27 1 0. 1 1 1  0. 1 6 1  40.79 
(3 .79) (0. 16) (0.03) (0.02) (0.0 1 )  ( l .70) 
Medium Normal 44 40.52 44 2.90 0.270 0. 1 1 6 0. 1 54 42.90 
(4.2 1 )  (0.20) (0.03) (0.0 1 )  (0.02) ( 1 . 1 3) 
Hard 37 .20 40.2 2.84 0.269 0. 1 14 0. 155 42.23 
(2 . 84) (0. 13) (0.02) (0.01 )  (0.01 )  ( 1 .56) 
Soft 34.24 40.7 2.65 0.252 0. 108 0. 144 42.70 
(3.67) (0. 15) (0.0 1 )  (0.0 1 )  (0.0 1 )  (2.44) 
High Normal 66 43. 1 3  45.2 3 .00 0.267 0. 1 1 3 0. 154 42.30 
( 1 .83) (0.03) (0.0 1 )  (0.0 1 )  (0.01 )  ( 1 .46) 
Hard 37 .54 39.5 2.86 0.265 0. 1 12 0. 153 42. 15  
(2.65) (0.09) (0.02) (0.0 1 )  (0.02) (3 .96) 
Subject DroE Height Midsole Dht Jht Jht Ek TOV TOT LT JT Trans% 
Soft 4 1 .38 43.9 3.01 0.353 0. 170 0. 1 83 48. 1 3  
( 1 . 84) (0.08) (0.04) (0.02) (0.02) ( 1 .52) 
4 Low Normal 2 1  27 .04 30.9 2.45 0.372 0. 159 0.2 14 42.56 
(3 .06) (0. 19) (0.03) (0.02) (0.0 1 )  (2.68) 
Hard 29.40 32 2.50 0.378 0. 172 0.207 45 .30 
( l .75) (0. 12) (0.02) (0.02) (0.0 1 )  (2.80) 
Soft 45 .76 48.5 3 . 1 1  0.368 0. 1 82 0. 1 87 49 .53 
(3 .09) (0. 17) (0.06) (0.02) (0.03) (2.00) 
Medium Normal 42 26.78 32.6 " 2 .38 0.400 0. 179 0.22 1 44.76 
(4.44) (0. 15) (0.03) (0.02) (0.02) ( 1 . 14) 
Hard 26.98 27 .6 2.42 0.395 0. 176 0.2 19 44.75 
(0.60) (0.09) (0.03) (0.0 1 )  (0.03) (4.58) 
Soft 4 1 .56 45 . 1  3 .08 0.362 0. 1 82 0. 1 79 50.3 1 
(2.38) (0.05) (0.0 1 )  (0.02) (0.00) (2.60) 
High Normal 63 28 .70 3 1 .7 2 .50 0.380 0. 166 0.2 1 4  43.60 
(2.62) (0. 1 6) (0.03) (0.01)  (0.0 1 )  (0.82) 
Hard 24.02 27 .4 2. 1 3  0.408 0. 1 68 0.240 40.85 
(3.36) (0.52) (0.03) (0.04) (0.0 1 )  (6.63) 
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Table 15 .  (Continued) 
Subject DroE Height Midsole Dht Jht Jht ek TOV TOT LT IT Trans% 
Soft 34.02 36.8 2.66 0.335 0. 142 0. 192 42.48 
(3 .62) (0.20) (0.0 1 )  (0.01) (0.01) (2.3 1 )  
5 
Low Normal 16  33 .26 35.6 2.74 0.3 83 0. 1 7 1  0.2 13  44.60 
(2.35) (0. 10) (0.01) (0.0 1) (0.0 1) ( 1 .05) 
Hard 33.70 37.3 2.72 0.342 0. 156 0. 186 45.45 
(3. 14) (0.02) (0.0 1 )  (0.02) (0.0 1) (3.92) 
Soft 37.72 39. 1 2.87 0.362 0. 168 0. 194 46.05 
( 1 .38) (0.05) (0.03) (0.03) (0.00) (4.25) 
Medium Normal 33 37 . 14 38.9 2.86 0.322 0. 136 0. 1 86 42. 17 
( 1 .68) (0.07) (0.02) (0.0 1) (0.01 )  ( 1 .78) 
Hard 37.46 39 2.84 0.330 0. 142 0. 1 88 42.94 
( 1 .50) (0. 12) (0.0 1 )  (0.01 )  (0.0 1 )  ( 1 .36) 
Soft 38 .72 39.5 2.95 0. 348 0. 155 0. 194 44.48 
(0.55) (0.04) (0.01)  (0.01) (0.00) (0.80) 
High Normal 49 33 .94 36.5 2 .81 0.333 0. 141 0. 193 42.31  
(2.80) . (0.09) (0.02) (0.01) (0.01) (0.94) 
Hard 36.32 36.9 2.84 0.375 0. 158 0.2 1 8  42.08 
(0.54) (0.06) (0.02) (0.0 1) (0.02) (3.5 1) 
Subject Droe Height Midsole Dht Jht Jht ek TOV TOT LT JT Trans% 
Soft 39.32 43 .8 2.87 0.363 0. 170 0. 193 46.74 
(2.98) (0.08) (0.08) (0.04) (0.04) (2. 13) 
7 Low Normal 17  43 .24 43 .9 2.89 0.383 0. 1 82 
0.202 47.35 
(0.5 1) (0.07) (0.04) (0.02) (0.02) ( 1 . 13) 
Hard 41 .72 42.5 2.95 0.406 0. 196 0.2 1 1 48.07 
(0.48) {0.03) (0.04) {0.02) (0.01� ( l .69� 
Soft 4 1 .28 44.5 2.92 0.455 0. 198 0.258 43 .42 
(2.76) (0.06) (0.04) (0.02) (0.02) ( 1 . 12) 
Medium Normal 34 40.86 42.7 2.92 0.365 0. 164 0.201 44.8 1  
( 1 .56) (0.06) (0.03) (0.02) (0.0 1) (2.25) 
Hard 41 .40 42.7 2.89 0.385 0. 17 1 0.2 14 44.39 
( 1 .22) (0.09) (0.04) (0.02) (0.02) ( 1 .30) 
Soft 39.70 4 1 .9 2.88 0.408 0. 178 0.230 43 .62 
( 1 .60) (0.06) (0.03) (0.02) (0.02) ( 1 .38) 
High Normal 5 1  43.54 44. 1 2.88 0.4 13  0. 1 88 0.225 45.55 
(0.65) (0.08) (0.05) (0.02) (0.02) (l .73) 
Hard 41 .00 43.7 2.87 0.347 0. 150 0. 197 43. 19 
(2.85) {0. 12) (0.03) (0.02) (0.02) ( 1 .9 1) 
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Table 15 .  (Continued) 
Subject Droe Height Midsole Dht Jht Jht ek TOY TOT LT JT Trans% 
Soft 38 .86 39.5 2.47 0.225 0.072 0. 152 32.08 
(0.74) (0.05) (0.03) (0.01)  (0.0 1 )  ( 1 .54) 
8 Low Normal 19 38 .74 4 1 .2 2.60 0.205 0.062 0. 143 30. 15 
( 1 .44) (0. 17)  (0.02) (0.0 1 )  (0.0 1 )  (2.66) 
Hard 37.74 40.6 2.5 1 0.2 1 8  0.069 0. 149 3 1 .55 
(2.29) (0.08) (0.02) (0.0 1)  (0.0 1)  (3 .0 1)  
Soft 36.70 39 . 1  2.60 0.207 0.072 0. 1 35 34.98 
(2.57) (0. 1 9) (0.02) (0.01 )  (0.02) (3 .92) 
Medium Normal 38 43 .52 47.4 2.79 0.228 0.085 0. 144 37. 15 
(2 .37) (0.08) (0.0 1 )  (0.01)  (0.00) (2.93) 
Hard 40.00 43 .6 2.74 0.247 0.086 0. 1 6 1  34.95 
(4.05) (0.26) (0.04) (0.0 1)  (0.03) ( 1 .50) 
Soft 37.56 42. 1  2.94 0.2 15  0.079 0. 136 36.77 
(4.0 1)  (0. 1 8) (0.01 )  (0.0 1)  (0.0 1) (4.05) 
High Normal 57 42.06 49.7 2.75 0.267 0. 109 0. 158  40.77 
(5 .01)  (0.37) (0.04) (0.03) (0.02) (5 . 12) 
Hard 42.96 46 2.78 0.475 0. 193 0.283 40.59 
(3 .45 ) (0. 19) (0.04) (0.02) (0.03) ( 1 .49) 
Subject Droe Height Midsole Dht Jht Jht ek TOY TOT LT JT Trans% 
Soft 4 1 .30 42.4 2.84 0.447 0. 161  0.286 36.08 
( 1 .52) (0. 12) (0.03) (0.0 1)  (0.02) ( 1 .77) 
9 Low Normal 19 42 .66 44.4 2.80 0.5 1 8  0.2 1 1 0.307 40.73 
( 1 .30) (0.07) (0.03) (0.02) (0.03) (3 .84) 
Hard 42.70 43 .4 2.69 0.528 0.2 14 0.3 14 40.59 
(0.39) (0. 13) (0.03) (0.02) (0.02) (2 .02) 
Soft 42.22 45 .9 2.88 0.45 3 0. 166 0.288 36.62 
(2.38) (0. 15) (0.03) (0.01 )  (0.02) ( 1 .64) 
Medium Normal 38 41 .46 46.5 2.78 0.5 12 0.200 0.3 1 3  38.99 
(4.83) (0.2 1 )  (0.01 )  (0.01 )  (0.0 1 )  ( 1 .94) 
Hard 44.36 47 2.88 0.527 0. 198 0.328 37.65 
( 1 . 88) (0. 1 1 ) (0.02) (0.02) (0.0 1)  (2 .23) 
Soft 43.22 47 .9 2.97 0.473 0 . 173 0.300 36.58 
(3 . 10) (0. 10) (0.02) (0.0 1 )  (0.01)  ( 1 .43) 
High Normal 57 41 .40 44.2 2.80 0.484 0. 1 80 0.303 37 .25 
( l .74) (0. 15) (0.03) (0.0 1 )  (0.02) ( 1 .38) 
Hard 4 1 .98 45 2.73 0.527 0. 199 0.328 37 .65 
(2.05) �0.072 (0.04) (0.02) (0.02) �2.46) 
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Table 15. (Continued) 
Subject Droe Height Midsole Dht Jht Jht Ek TOV TOT LT JT Trans% 
Soft 29.78 33.2 2.55 0.294 0. 138 0. 156 46.80 
(2.55) (0.08) (0.02) (0.0 1 )  (0.01 )  (2.68) 
10 Low Normal 17 37. 1 8  37.7 2.62 0.27 1 0. 1 19 0. 1 52 43 .83 
(0.46) (0. 14) (0.0 1 )  (0.01) (0.01) ( 1 .90) 
Hard 33. 1 8  36.8 2.67 0.282 0. 129 0. 1 52 45 .73 
(2.85) (0. 1 8) (0.02) (0.02) (0.00) (3 .02) 
Soft 3 1 .32 35.6 2.55 0.290 0. 129 0. 1 61 44.66 
(2.88) (0.08) (0.04) (0.02) (0.02) (2.95) 
Medium Normal 35 37 .43 40.6 2.75 0.306 0. 141  0. 1 66 45 .98 
(3 .48) (0.04) (0.03) (0.01) (0.02) (0.97) 
Hard 34.88 37.4 2.70 0.287 0 . 127 0. 1 60 43. 8 1  
( 1 . 80) (0. 12) (0.04) (0.03) (0.02) (4 .78) 
Soft 29.43 3 1 .3 2.44 0.260 0. 1 1 1  0. 150 42.59 
( 1 .42) (0.20) (0.02) (0.0 1 )  (0.0 1 )  (2.35) 
High Normal 52 34.98 36.6 2.59 0.288 0. 1 34 0. 1 54 46.45 
( 1 .45) (0.05) (0.0 1 )  (0.02) (0.01 )  (3.74) 
Hard 32.68 35 . l  2.57 0.288 0. 128 0. 160 44.44 
(2. 10) (0. 14) (0.02) (0.0 1 )  (0.01 )  ( l .85) 
Subject Droe Height Midsole Dht Jht Jht ek TOV TOT LT IT Trans% 
1 1  Low Soft · 23.58 25 .4 2.22 0.263 0. 1 15 0. 148 43 .53 
( 1 .06) (0.08) (0.02) (0.0 1 )  (0.01 )  (2.59) 
Normal 1 8  23.62 25 2.24 0.275 0. 1 19 0. 156 43 . 1 3  
(0.94) (0.04) (0.02) (0.02) (0.01 )  (3 .99) 
Hard 30.70 32.3 2.59 0.332 0. 1 50 0. 1 82 45.20 
( 1 .35) �0.09) �0.03) (0.02) (0.02) (3 .92) 
Medium Soft 24.38 26.4 2.24 0.298 0. 123 0. 1 76 40.99 
(2.68) (0. 14) (0.03) (0.02) (0.02) ( 1 .6 1 )  
Normal 36 23 .94 26 2.22 0.260 0. i03 0. 157 39.75 
(2.02) (0. 1 1 ) (0.0 1 )  (0.0 1 )  (0.01 )  ( 1 .54) 
Hard 32. 10  34.3 2.66 0.407 0. 1 9 1  0.2 1 6  46. 89 
( l .73) (0. 10) (0.05) (0�03) (0.02) ( 1 .79) 
High Soft 28 .06 29.9 2.46 0.297 0. 1 19 0. 1 79 39.87 
( 1 .59) (0. 10) (0.03) (0.02) (0.01 )  (2. 15) 
Normal 54 24.48 26.9 2 .28 0.267 0. 104 0. 1 63 38.99 
( l .74) (0. 1 3) (0.03) (0.0 1 )  (0.02) ( 1 .54) 
Hard 29.48 32.6 2.57 0.322 0. 130 0. 192 40.37 
(2.07) (0.07} (0.01 )  �0.00) �0.01) (0.40) 
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Table 15 .  (Continued) 
Subject Droe Height Midsole Dht Jht Jht Ek TOV TOT LT JT Trans% 
Soft 43 .38 43 .8 2.83 0.496 0.244 0.253 48.82 
(0.72) (0. 14) (0.05) (0.04) (0.01 )  (3. 89) 
12  Low Normal 19 4 1 .56 43.9 2.7 1 0.500 0.245 0.255 49.00 
(2. 17) (0. 1 8) (0.04) (0.02) (0.02) (0.79) 
Hard 42.08 44.7 2.68 0.5 10 0.248 0.262 48.5 1 
( 1 .59) (0.20) (0.04) (0.03) (0.0 1 )  (3 .55) 
Soft 43 .80 47 .6 2.74 0.475 0.203 0.272 42.87 
(2 .59) (0. 19) (0.04) (0.02) (0.04) (3 .87) 
Medium Normal 39 39.54 42 2 .66 0.480 0.2 17 0.264 45 . 1 1  
(2.2 1 )  (0. 15) (0.02) (0.02) (0.00) ( 1 .64) 
Hard 41 .50 43 .3 2.90 0.430 0. 179 0.252 4 1 . 5 1  
( 1 . 1 8) (0.08) (0.02) (0.0 1) (0.0 1 )  ( 1 .4 1 )  
Soft 40.42 45 .2 2.74 0.482 0.201 0.28 1 41 .84 
(2.80) (0. 19) (0.05) (0.02) (0.04) (3.98) 
High Normal 58 39.68 42.7 2 .69 0.45 8 0. 188  0.270 41 . 17 
(2. 14) (0. 15) (0.05) (0.01 )  (0.03) ( 1 .57) 
Hard 43 .32 45 2.89 0.450 0. 1 87 0.263 41 .64 
( 1 .30) (0. 15) (0.02) (0.0 1 )  (0.0 1 )  { 1 .24) 
Subject DroE Height Midsole Dht Jht Jht ek TOV TOT LT JT Trans% 
Soft 4 1 .48 43 .2 2.94 0.335 0. 149 0. 1 86 44.5 1 
( 1 . 19) (0. 10) (0.05) (0.02) (0.02) ( 1 .27) 
13  Low Normal 20 42.82 45.2 3 .00 0.323 0. 142 0. 1 8 1  43 .99 
( 1 .57) (0.05) (0.02) (0.01 )  (0.01 )  (2.53) 
Hard 43.48 44.5 3.02 0.358 0. 150 0.208 4 1 .78 
( 1 . 19) (0.06) (0.04) (0.03) (0.02) {4 .43) 
Soft 42.68 45.5 2.97 0.330 0. 1 5 1  0. 179 45 .73 
(2.00) (0.08) (0.0 1 )  (0.01)  (0.0 1 )  ( 1 .94) 
Medium Normal 4 1  43.52 46.3 3 .05 0.3 1 8  0. 133 0. 1 85 4 1 .88 
(2.56) (0.03) (0.03) (0.0 1 )  (0.02) ( 1 .73) 
Hard 4 1 .26 43.3 2.9 1 0.398 0. 167 0.232 41 .84 
( 1 .68) (0.03) (0.04) (0.02) (0.02) (2.86) 
Soft 40.48 · 4 1 .7 2.83 0.285 0. 124 0. 1 6 1  43 .54 
(0.96) (0.07) (0.01 )  (0.0 1 )  (0.0 1 )  (0.74) 
High Normal 61 42.50 44.3 2 .94 0.303 0. 133 0. 17 1 43 .7 1 
( 1 .43) (0. 12) (0.0 1 )  (0.0 1 )  (0.01 )  . ( 1 . 87) 
Hard 37.48 4 1 . 1  2.73 0.382 0. 159 0.223 4 1 .58 
(3 .94) (0.22) (0.03) (0.02) (0.02) ( 1 .67) 
92 
Table 15 .  (Continued) 
Subject Droe Height Midsole Dht Jht Jht Ek TOV TOT LT JT Trans% 
Soft 4 1 .20 44.4 2.84 0.3 1 7  0. 144 0. 1 73 45 .30 
( 1 .96) (0.22) (0.0 1 )  (0.01) (0.01) (3 .65) 
14 Low Normal 22 38. 10 4 1 .6 2.68 0.295 0. 126 0; 1 69 42.70 
(2.43) (0. 1 3) (0.02) (0.01) (0.01)  (2.34) 
Hard 40.80 43 2.77 0.283 0. 1 1 9 0. 164 42.03 
(2.47) (0.06) (0.02) (0.01 )  (0.01 )  ( 1 .44) 
Soft 47 .78 50.7 3 . 12  0.4 10 0. 1 85 0.225 45 . 14 
(2.70) (0. 1 1 ) (0.03) (0.02) (0.02) ( 1 .92) 
Medium Normal 44 38. 14 4 1 .4 2.75 0.307 0. 1 32 0. 1 75 42.98 
( 1 .9 1 )  (0. 1 1 ) (0.02) (0.01 )  (0.0 1 )  (0.50) 
Hard 38 .62 40.4 2.69 0.292 0. 12 1  0. 17 1 4 1 .50 
( 1 .44) (0. 1 3) (0:03) (0.01 )  (0.02) ( 1 .48) 
Soft 49.20 50.4 3.07 0.450 0.209 0.24 1 46.55 
( 1 .09) (0.07) (0.02) (0.0 1 )  (0.02) (0.57) 
High Normal 66 40.03 42 .5 2.76 0.323 0. 143 0. 1 80 44.08 
(3 .66) (0. 12) (0.03) (0.02) (0.01 )  ( l .99) 
Hard 40.30 42.3 2.84 0.3 17 0. 143 0. 174 45 .28 
( 1 .2 1 )  (0.05) (0.02) (0.01)  (0.01 ) ( l .62) 
Subject DroE Height Midsole Dht Jht Jht Ek TOV TOT LT JT Trans% 
Soft 32 .46 34.2 2.53 0.427 0.208 0.2 19  48 .69 
( 1 .2 1 )  (0.06) (0.0 1 )  (0.01 ) (0.02) (2.95) 
15  Low Normal 20 25 . 12 27 2.28 0.401 0. 1 66 0.236 41 .28 
( 1 .25) (0.07) (0.02) (0.02) (0.0 1 )  (4.05) 
Hard 30.52 34.2 2.37 0.363 0. 155 0.208 42.52 
(3 . 1 5) (0. 10) {0.03) (0.02) (0.01 )  (2.65) 
Soft 36.34 39.6 2.63 0.397 0. 1 8 1  0.2 16  45 . 1 8  
(2.09) (0. 16) (0.04) (0.04) (0.0 1 )  (5.98) 
Medium Normal 4 1  27.66 30.2 2.36 0.408 0. 1 80 0.228 44.08 
( 1 .96) (0.07) (0.01 )  (0.02) (0.02) (4.4 1 )  
Hard 29.86 37.7 2.37 0.390 0. 16 1  0.229 4 1 .30 
(4.50) (0. 1 3) (0.01 )  (0.0 1 )  (0.01 )  · ( 1 .74) 
Soft 35 .46 37.5 2.62 0.383 0. 1 73 0.2 1 1 44.78 
( 1 .56) (0. 1 1 ) (0.03) (0.03) (0.0 1 )  (4.72) 
High Normal 6 1  3 1 .52 34.2 2.45 0.388 0. 1 77 0.2 12 45 .47 
(2.60) (0. 12) (0.02) (0.02) (0.0 1 )  (2. 1 1 ) 
Hard 32.38 37.3 2.52 0.400 0. 166 0.235 4 1 . 12 
(3.38) (0. 1 8} (0.03) (0.03) (0.01 )  {5 .36) 
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Table 15. (Continued) 
Subject DroE Height Midsole Dht Jht Jht Ek TOY TOT LT JT Trans% 
Soft 22.36 24.4 2 .09 0.395 0. 147 0.248 37.30 
( 1 .89) (0.06) (0.03) (0.02) (0.02) (2.80) 
1 6  Low Normal 15 2 1 . 1 6  24.4 2.04 0.408 0. 156 0.253 38 . 1 0  
(2.38) (0. 1 1 ) (0.02) (0.02) (0.01 )  (2.04) 
Hard 19. 14 20.8 2. 1 8  0.288 0. 1 1 8 0. 17 1 40.5 1 
( 1 .84) (0. 1 3) (0.04) (0.02) (0.02) (3 .23) 
Soft 24.02 25.7 2 .40 0.485 0. 1 66 0.3 19  34. 17  
( l .60) (0.34) (0.03) (0.02) (0.02) ( 1 .63) 
Medium Normal 3 1  2 1 .58 22.8 2. 10  0.363 0 . 1 39 0.225 38 .06 
(0.75) (0.07) (0.03) (0.02) (0.0 1)  ( 1 .90) 
Hard 20.82 22.5 2. 1 3  0.322 0. 124 0. 198 38 .6 1 
( 1 .53) (0. 1 1 ) (0.02) (0.0 1) (0.01 )  ( 1 .40) 
Soft 23.60 26.9 2. 1 8  0.495 0. 1 84 0.3 1 1  37.34 
(2.?9) (0. 1 3) (0.03) (0.01 )  (0.03) (3 .70) 
High Normal 47 22.98 23.9 2. 1 6  0.4 17  0. 158 0.260 37 .8 1 
(0.92) (0.07) (0.0 1 )  (0.0 1 )  (0.0 1 )  (2.01 )  
Hard 20.20 22.7 2. 14 0.3 1 3  0. 1 34 0. 179 42.79 
(2.23) (0. 1 1 ) (0.03) (0.02) (0.02) (2 .24) 
Note: Dht = drop height, Jht = jump height, TOY = takeoff velocity, TOT = total contact time, L/JT = time 
in land/jump phase, trans% = ratio of time in land phase versus total contact time. Dht and Jht values in 
cm, TOY values in mis, time values in s. Standard deviation values in parenthesis. 
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APPENDIX E 
ANGULAR KINEMATICS 
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Table 16. Group mean and standard deviation for ankle angular kinematic data. 
Dro:e Height Midsole CA CV Lmaxv Jmaxv LROM JROM TOV 
Soft - 1 .23 60.9 1 75 .70 - 1 19.06 5 .89 10.78 -6.09 
( 1 .80) ( 15 . 12) ( 19 .29) (24.87) (2. 10) (2.04) ( 1 .42) 
Low Normal - 1 . 1 8 62.8 1 76.95 - 1 19 .87 5 .82 10.98 -6.30 
( 1 .82) ( 19.28) (23 .53) (27 .23) (2.4 1 )  (2. 1 1 ) ( 1 .50) 
Hard - 1 . 14 64.39 79.92 - 122.60 6.23 10.96 -5 . 8 1  
(2.05) ( 19.62) (24.68) (24.80) (2.40) (2.00) ( 1 .39) 
Soft -4.38 169.55 206.6 1 -239. 1 8  14 . 19  22.28 - 12.44 
(2.55) (38 .06) (45 .90) (49.29) (4.02) (4.29) (2.75) 
Medium Normal -4.38 17 1 .06 204.59 -244.28 14.06 22.52 - 12.75 
(2.82) (36.00) (47 .99) (5 1 .29) (4.78) (4. 1 4) (2.82) 
Hard -3.53 170.67 206.3 1 -247.36 14. 1 6  22.85 - 12. 1 6  
(3 .06) (36.88) (46.69) (52.56) (4.34) (4.28) (3.00) 
Soft -7 .56 303 .60 356.63 -36,1 . 1 1 22.25 33 .83 - 19 .03 
(4. 1 1 ) (55 .86) (75 .74) (69.69) (6. 12) (6.22) (4. 15) 
High Normal -7.42 300 .81  354.24 -360.37 22.03 33 .64 - 19.02 
(3 .55) (57 .74) (77.52) (83.78) (6.63) (6.29) (4. 1 8) 
Hard -5 .83 297 . 19  347.54 -357.28 22.09 33.56 - 17 .21 
(4.78) (73 . 1 6) (98 .09) (86. 1 3) (6.63) (6.66) (4.70) 
Note: CA = joint displacement at contact, CV = angular velocity at contact, IJJmaxv = maximal angular 
velocity during land/jump phases, IJJROM = range of angular displacement during land/jump phases, TOV 
= angular takeoff velocity. CA, ROM values in deg, velocity values in deg/s. Standard deviation values in 
parenthesis. 
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Table 17 .  Group mean and standard deviation for ankle angular kinematic data. 
Grou,e Dro,e Height Midsole CA CV Lmaxv Jmaxv LROM JROM TOV 
Soft - 1 .07 65 .59 80. 14 - 129.08 6.04 1 1 . 1 8  -6. 1 8  
( 1 .65) ( 15 .39) (2 1 .66) (26.80) ( 1 .79) (2.2 1 )  ( 1 .83) 
Low Low 
Normal -0.60 69 .30 8 1 .65 - 1 3 1 .95 5 .59 1 1 .73 -6.72 
( 1 .43) (2 1 .95) (25 .98) (27 .75) ( 1 .90) (2.22) ( 1 .75) 
Hard -0.6 1 69.50 84.29 - 1 33.02 5 .99 1 1 .65 -6.23 
( 1 .76) (20. 1 6) (24.99) (25 .47) ( 1 .74) ( 1 .97) ( 1 .59) 
Soft -4.96 190.33 23 1 .20 -259.42 15 .49 23. 16 - 12.58 
( 1 .93) (28 .72) (37 .02) (43 . 1 6) (2.90) (4.5 1 )  (3.44) 
Medium 
Normal -4. 1 8  1 88 .58 224.33 -261 .76 14.72 23 .74 - 1 3 . 1 5  
( 1 .88) (37 .20) (46.98) (53 .00) (3 .60) (4. 10) (3 .59) 
Hard -3.35 19 1 .66 225.28 -266.01 14.6 1 24.29 - 13 .02 
(2.34) (32.96) (43 .28) (56.54) (3 .32) (4.57) (3 .72) 
Soft -8.63 337.60 399 .27 -390. 1 8  24.57 35 .20 - 19.26 
(3.74) (4 1 .2 1 )  (63 .72) (63 .74) (4.57) (6.20) (4.97) 
High 
Normal -7.43 3 19.41 378 .47 -395 . 19  23 .35 35.58 - 19.66 
(3 .08) (66.01) (85 .49) (89.62) (6. 10) (6.48) (5.28) 
Hard -5 .73 327 .99 380.27 -382.62 22.74 34.78 - 17.72 
(4.37) 7 1 .39 10 1 .07 101 .47 6.45 7.30 5 .45 
Grou,e Droe Height Midsole CA CV Lmaxv Jmaxv LROM JROM TOV 
Soft - 1 .40 55.7 1 70.75 - 107.90 5.73 10.34 -5 .98 
( 1 .97) ( 13 . 16) ( 15 .05) ( 16.77) (2.4 1 )  ( 1 .75) (0.74) 
High Low 
Normal - 1 .83 55 .57 7 1 .72 - 106.4 1 6.08 10. 1 3  -5 .83 
(2.00) ( 12.53) ( 19.5 1 )  ( 19.44) (2.89) ( 1 .63) ( 1 .0 1 )  
Hard - 1 .79 58.2 1  74.63 - 109.97 6.53 10. 12 -5 . 3 1  
(2.2 1 )  ( 17 .30) (23 .59) ( 17 . 1 0) (3.03) ( 1 .7 1 )  (0.88) 
Soft -3 .7 1 145 . 10 1 77.67 -2 15 .37 12.66 2 1 .23 - 12.27 
(3 .03) (33 .02) (38 .00) (45 .75) (4.62) (3 .8 1) ( l .65) 
Medium 
Normal -4.61 15 1 .53 1 82.60 -224.80 1 3 .32 2 1 . 1 6  - 12.30 
(3 .61)  (22. 17) (39 . 1 7) (42.04) (5 .79) (3 .80) ( 1 .50) 
Hard -3.73 146.69 1 84.62 -226.05 1 3 .65 2 1 .20 - 1 1 . 1 7 
(3 .74) (24.57) (4 1 .08) (38.33) (5 .29) (3 .25) ( 1 .38) 
Soft -6.37 265 .72 309 . 12  -328.72 19 .66 32.30 - 1 8.78 
(4.22) (44.7 1 )  (58.06) (61 .94) . (6.64) (5 .95) (3.06) 
High 
Normal -7.41 280.02 327. 1 6  -321 .44 20.54 3 1 .48 - 1 8.30 
(4.06) (38.0 1 )  (57 .48) (56.03) (6.97) (5 .38) (2.29) 
Hard -5 .93 263 .74 3 12.02 -329.77 2 1 .37 32.24 - 16.66 
(5.24) (59.79) (82.23) (54.85) (6.83) (5 .70) (3 .7 1 )  
Note: CA = joint displacement at contac;t, CV = angular velocity at contact, UJmaxv = maximal angular 
velocity during land/jump phases, UJROM = range of angular displacement during land/jump phases, TOV 
= angular takeoff velocity. CA, ROM values in deg, velocity values in deg/s. Standard deviation values in 
parenthesis. 
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Table 18. Subject mean and standard deviation for ankle angular kinematic data. 
Subject Drop Height Midsole CA CV Lmaxv Jmaxv LROM JROM TOY 
Soft 0.35 59.73 63 .87 - 105 .48 3 .72 9.69 -5 .65 
(0.43) (3 .4 1 )  (4.47) (4.56) (0.2) (0.35) (0. 19) 
Low Normal -0.02 52. 88 57.33 - 103 .28 3 . 1 8  9. 1 1  -5.95 (0.42) (9.86) (7.84) ( 1 .45) (0.44) (0.6 1 )  (0.5) 
High -0.39 62.29 68.62 - 1 1 1 .79 4.63 9.8 1  -5 .55 
(0.37) (6.07) (5 .42) (3 .54) (0.54) (0.59) (0.44) 
Soft -3.89 163 .46 200.5 1 -227.77 1 1 .67 20.01 - 12.26 
( 1 .35) (38 .46) (34.) ( 12.9 1 )  ( 1 .69) ( 1 . 16) (0.79) 
Medium Normal -3 .02 140.86 162.5 1 -209.74 9.70 1 8 .87 - 12.23 ( 1 .08) ( 12.62) (8.4) (5 . 39) ( 1 .99) ( 1 .22) (0.99) 
High -2. 15 153 .30 174.39 -232.02 10.28 19 .45 - 1 1 .32 
(0.53) ( 12.79) ( 1 3 .85) ( 1 1 .7) (0.77) (0.82) (0.75) 
Soft -8 .02 294.48 360.53 -353 .79 20.59 3 1 .7 1  - 19.2 1 
( l .82) (22.4 1 )  ( 1 8 .58) ( 1 1 . 8 1) ( 1 .75) (0.46) (0.77) 
High Normal -5 . 12 23 1 .20 26 1 .00 -326.53 15 .50 29 . 14 - 1 8 .76 (0.86) (29 .96) (22.49) (9.4) (0.59) (0.9 1 )  ( 1 .0 1 )  
High -5 .37 273 . 1 1  302.04 -330.54 17 .61 29. 14 - 16.94 
( 1 .7) (37 .84) (35 .7) (28.24) (2.56) (2.32) ( 1 .54) 
Subject Drop Height Midsole CA CV Lmaxv Jmaxv LROM JROM TOY 
Soft -3 . 1 7  74.24 93.54 - 1 35 .33 8 .26 12 .56 -7 .39 
(0.39) (2.74) (4.02) (5 .54) (0.2) (0.33) (0.07) 
2 Low Normal -2.40 83 .43 97.93 - 1 34.66 7 . 1 8  12 . 1 3  -7.27 (0.47) (3 .55) (4.23) (3 .09) (0.5) (0.2) (0.28) 
High -2.36 85 .87 99.9 1 - 1 34.42 7 .2 1  12.00 -7.04 
(0. 12) (3 .99) (3 .84) (4.98) (0. 15) (0.25) (0.2 1 )  
Soft -5 .33 200. 17 237 .65 -258 .28 15 .59 24.4 1 - 13.98 
(0.66) ( 12.78) (5 .48) ( 16 .45) (0.55) ( 1 .23) ( 1 .22) 
Medium Normal -4.24 198.9 1 223 .85 -260.86 14.77 24.42 - 1 3.7 1 (0.59) (7 .68) ( 12.45) ( 1 0. 19) (0.55) (0. 19) (0.43) 
High -4.99 200. 1 1  223.87 -261 .7 1  15 . 1 3  24.04 - 1 3 .86 
(0.49) ( 1 1 .47) (8 .47) (8 .25) (0.95) (0.58) (0.55) 
Soft - 10.46 33 1 .40 396.46 -374.83 24.87 36.63 -2 1 .72 
( 1 .24) (40.3 1 )  (28 .66) (25 .67) ( 1 .8) ( 1 .26) (0.9 1 )  
High Normal -9.42 35 1 .65 389.70 -385 .72 22. 1 8  34.78 -2 1 .88 (2.2) (35 .95) (39.79) (2 1 .38) ( 1 .88) ( 1 .7) ( 1 .52) 
High -6.48 3 1 1 .75 340.03 -335 .34 20.69 32. 19  - 17 .74 
(5 .02) (29 . 1 6) (58.98) (29.26) (4.9) (4.56) (5 . 15) 
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Table 18. (Continued) 
Subject Drop Height Midsole CA CV Lmaxv Jmaxv LROM JROM TOY 
Soft -3 . 10 77.88 1 16. 1 8  - 158 .75 8 .72 14.33 -8.70 
(0.86) ( 17 .56) ( 10.54) (3 .83) (0.67) (0.28) (0.2) 
3 Low Normal -2.08 94.66 123.78 - 1 62.93 8 .92 14 .86 -8.00 ( 1 .03) (20.54) (6.93) ( 1 .38) ( 1 . 16) (0.34) (0.26) 
High -2. 12 85.72 122.48 - 1 66.33 8 .82 14.50 -7.77 
( 1 .6 1 )  ( 15.2) (7.67) (5 .64) ( 1 .2 1 )  (0.65) (0.84) 
Soft -6. 8 1  226.77 295.01 -322 .61 1 8 .86 29.9 1 - 17 .85 
( 1 .82) ( 1 9.7 1) (36.43) ( 12.53) (2.5) . ( 1 .33) (0.79) 
Medium Normal -6. 1 3  235 .54 299.02 -3 14.30 20.53 26.94 - 12.54 (0.74) (32.58) (3 1 .22) (2 _1 .07) (2 .83) ( 1 .86) (0.53) 
High -6.03 220.90 302. 1 1  -344.82 20.58 30.7 1 - 16 . 1 3  
(2. 12) (44.97) ( 1 1 .98) (8.36) (2.27) ( 1 .4) ( 1 .3 1) 
Soft - 14.46 388 .70 527.84 -480.24 32 .45 42.80 -24.89 
( 1 .27) (42.93) (6.54) (2 1 .05) (2. 17) (2.04) ( 1 .33) 
High Normal - 10.88 424.59 547.88 -5 12 .66 35.36 42.66 - 1 8 . 14 (2.5) (39.03) ( 1 8 .23) (7.06) ( 1 .39) (0.75) ( 1 .43) 
High - 10.56 420.07 548 .45 -509.80 32.63 43 .22 -2 1 . 16 
( 1 .57) (43 .38) (27.92) ( 19.97) (2.44) (5 .49) (5.43) 
Subject Drop Height Midsole CA CV Lmaxv Jmaxv LROM JROM TOY 
Soft - 1 . 8 1  73 .60 85 .07 - 122.59 5 .2 1  9.22 -5 . 8 1  
(0.55) (5 . 1 ) (5 .4 1 )  ( 1 3. 1 1 ) (0.49) (0.62) (0.25) 
4 Low Normal -0.46 74.56 78 .39 - 1 1 6.03 4.65 10.94 -6.75 ( 1 .06) ( 16.8) ( 18 .87) (5 . 1 3) (0. 8 1 )  (0.79) (0.95) 
High - 1 . 82 80.55 95 . 1 0  - 122 .79 6 .29 1 1 . 1 5  -6.63 
(2.33) ( 16.23) (22.32) (4.59) (2.32) (0.43) (0. 19) 
Soft -5 .64 190.74 215 .30 -246.46 1 3 .36 17 .92 - 10. 16 
( 1 .94) (28 .0 1 )  (28.43) (7 .93) ( 1 .23) (0.78) ( 1 .5) 
Medium Normal -4.9 1 1 9 1 .73 215 .85 -249.91  1 3 .49 24.85 - 16 .20 (3 .62) (46 .8 1 )  (74.27) (52 .61)  (4.78) (5.34) (4.26) 
High -4.42 1 93 .66 22 1 . 1 5  -246.87 1 3 .84 23 .04 - 1 3 .54 
(2.62) (44.37) (56.93) ( 1 1 .53) (3 .23) (0.82) ( 1 .45) 
Soft -9.6 1 348.48 389.49 -383 .60 22.2 1 28 .92 - 16.3 1  
( 1 .43) (24.44) (27. 1 1 ) ( 1 3 .04) ( 1 . 89) ( l .63) ( l . 89) 
High Normal -3 .95 294.38 304.05 -355 .5 1 17 .48 34.45 -20.93 (3.04) (53.7) (62.88) · (26.54) (2 .98) ( 1 .3) ( 1 .37) 
High -4.07 297 .58 3 1 6.74 -339.57 1 8. 10 33 . 17  - 1 8.96 
(4.24) (6 1 . 83) (76.93) (20.45) (3 . 17) ( 1 .48) (0.93) 
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Table 18. (Continued) 
Subject Drop Height Midsole CA CV Lmaxv Jmaxv LROM JROM TOV 
Soft -0.04 43 .74 45 .38 - 106.86 3 .28 9.24 -5 .98 
(0.39) (3 .08) (3 .9) (4.39) (0.5 1)  (0.69) (0.79) 
5 Low 
Normal -0.56 42.25 44.58 -93 .33 3 .44 9.08 -6.2 1 
(0.49) (5 .63) (6.) (5.6) (0.5 1 )  (0.49) (0.43) 
High -0.57 36.57 42. 1 1  - 105 .06 3 .77 8 .3 1 -5 .06 
( 1 .63) ( 17 .9) ( 1 8.5) ( 10. 1 8) ( 1 .05) ( 1 .04) (0.5 1 )  
Soft -2.72 1 1 8 .48 148.61 -2 1 8 .02 10.04 19.04 - 1 1 .72 
( 1 . 1 3) (6 1 . 14) ( 16.04) (7 . 12) (0.96) (0.35) (0.66) 
Medium Normal -2.27 1 3 1 .05 1 38 .80 -2 1 8 . 1 7  8 .00 1 8 .68 - 12.93 (0.88) (7 .29) (9. 1 5) (4.82) (0.88) (0.66) (0.69) 
High - 1 . 1 8  130.03 1 38 .30 -222.70 8 .90 19 .01 - 1 1 .29 
( 1 .5) ( 14. 14) ( 12. 17) (6.39) ( 1 .2) ( 1 . 1 1 ) (0.94) 
Soft -3 .82 227.57 246.78 -304.82 14. 1 3  27 .38 - 17.20 
(0.96) ( 10.39) ( 14.55) ( 1 3 .34) ( 1 .37) (0.66) (0.27) 
High 
Normal -5 .34 230. 1 8  25 1 .43 -30 1 .38  14.48 28.09 - 19 .0 1 
(2.01 )  (20.62) (26. 1 )  (29.34) ( 1 .39) (0.53) ( 1 .03) 
High -3.63 247 .20 264.28 -302.86 . 1 5 .94 27.43 - 15 .37 
(0.94) (9 .65) (6.78) ( 17 .98) ( 1 . 1 ) (2.83) (2.86) 
Subject Drop Height Midsole CA CV Lmaxv Jmaxv LROM JROM TOV 
Soft -3 . 14 56.90 77.36 -98 .60 6.6 1 8 .95 -5 .45 
( 1 .2) ( 15 .72) ( 10.38) (3 .52) ( 1 .6 1 )  (0.42) (0.3 1)  
7 Low 
Normal -3 . 14 50.65 74.93 -89.07 6 . 17  8 .90 -5 .90 
(0.32) (5 . 15) (8.2 1)  (7 .88) (0.34) (0.42) (0.3 1 )  
High -3 .27 45 .02 65 . 1 3  -95 .84 7.23 8.97 -5.04 
(0.4) (3.53) ( 1 1 . 1 5) (4.77) (0.59) (0.37) (0.44) 
Soft -5.76 1 3 1 .5 1  170.63 - 178 . 1 6  12.96 1 8 .68 - 1 1 .49 
(0.46) ( 10.09) ( 1 9.24) (9.59) (0.68) ( 1 .) ( 1 .32) 
Medium Normal 
. -6.09 138 .48 1 75 .68 - 175 . 1 0  12.07 17. 1 1  - 1 1 . 10 
( 1 .32) ( 1 8 .0 1 )  (4.03) (7.78) ( 1 .43) (0.85) (0.32) 
High -5.23 1 13 .95 1 64.58 - 1 89.69 1 3 .37 1 8 .05 - 10.03 
(0.76) ( 1 8 .47) ( 1 3 .82) ( 10.) (0.53) (0.89) (0.69) 
Soft -8.08 236.49 292.20 -272.23 1 8.4 1 27.32 - 17 .06 
( 1 .9 1 )  ( 10.8) ( 14.48) (27 .54) ( 1 .65) (0.66) (0.86) 
High 
Normal -8.52 256.73 299.42 -246.75 1 7 .73 25.39 -16.66 
( l .85) (22 .38) ( 1 6. 1 1 ) (7. 14) ( l .77) ( 1 .3) (0.65) 
High -7.3 1 253 .94 3 14.73 -287.66 1 8 .92 26. 1 2  - 14.75 
(2. 1 7) (38 .34) (20.32) ( 13 .92) (2. 1 2) (3 .36) (3 .46) 
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Table 1 8. (Continued) 
Subject Drop Height Midsole CA CV Lmaxv Jmaxv LROM JROM TOV 
Soft 1 .28 56.98 66.41 - 1 09.29 2.72 10.0 1 -5 .97 
(0.44) ( 1 3 .08) (9.7 1 )  (7.4 1)  (0.69) (0.52) (0.4) 
8 Low 
Normal 1 .69 47 .68 5 1 .80 - 1 08 .99 2.09 9.62 -5.85 
(0.58) (9.2) (8 .98) (7 .77) (0.5 1)  (0.68) (0.48) 
High 1 .6 1  59. 1 6  65 .57 - 1 1 1 .07 2.46 10.02 -5 .99 
( 1 .27) ( 1 3.28) ( 16.49) (8 .07) ( 1 .3) (0.89) (0.94) 
Soft 0.73 1 36.94 150.39 -209.97 6.59 1 8 .7 1 - 1 1 .55 
( 1 .32) (30.74) (33.02) (34.76) (2.42) (3 .3) ( 1 . 1 1 ) 
Medium Normal 0.20 167.63 1 86.23 -238 .52 
8.06 20.76 -12 .67 
(2.47) ( 15 .09) (36.38) ( 19.75) (3 .26) (0.88) (0.8) 
High 1 .94 1 38.20 155 .22 -243 .0 1 7.41 2 1 .44 - 12.04 
( 1 .9 1 )  (22.62) (24.04) ( 19.84) ( 1 .62) (0.4 1)  (0.7) 
Soft -2.62 304.65 328.63 -327 .89 1 3 .70 29.29 - 1 8 .66 
( 1 .98) (25.42) (35 .43) (42.28) (2.73) ( 1 .99) (0.92) 
High 
Normal -4.55 3 1 1 .40 352.50 -32 1 .44 17 . 15  29.52 - 1 6.88 
(3.35) (37.07) (43. 1 1 ) (27 .75) (3 .65) (4.86) (4. 1 8) 
High 2.6 1 1 70.54 1 87.64 -33 1 .65 14.41 36.44 - 19 .01 
( 1 .82) (26.58) (25.44) (29.57) (2.22) ( 1 .38) ( 1 .42) 
Subject Drop Height Midsole CA CV Lmaxv Jmaxv LROM JROM TOV 
Soft 0.28 48 .98 78 .60 - 141 .83 5 .79 1 3. 1 0  -7 .00 
(0.25) (7.6) (7 .54) (5.72) (0.49) (0.49) (0.52) 
9 Low 
Normal -3 .55 65 .66 100.37 - 14 1 . 8 1  9.67 1 1 .58 -5 .29 
(0.57) ( 10.67) ( 1 0.4) ( 17 . 1 8) (0.55) (2.63) (2.54) 
High -3.91 78 .44 1 17.58 - 1 39.55 10.46 12. 1 6  -5.5 1 
(0.98) ( 10.72) (6.84) ( 1 5 .84) (0.59) ( 1 .6 1 )  ( l .72) 
Soft -5 .38 173 .52 239.27 -302.88 17 .54 26.34 - 14.08 
(2. 15) (28 . 17) (33 .54) (5.24) (2.3) (0.38) (0.33) 
Medium 
Normal -9.34 1 82.30 260.77 -305.42 2 1 .40 26.2 1 - 1 3 .82 
( 1 .47) ( 1 8 .73) ( 19.83) ( 19.29) ( l . 84) ( 1 .84) ( 1 .9) 
High -9. 10 1 77 .80 264. 15  -297.69 22.39 26.03 - 12.40 
( 1 .45) ( 15 .22) ( 1 2.2 1 ) ( 17 .86) ( 1 .33) (0. 85) ( 1 . 1 5) 
Soft -9.59 3 15 .83 393 .02 -450. 12 27 .27 40.37 -22.3 1 
(2.3 1 )  (24.93) (25.01 )  ( 19.23) ( 1 .9) (4.7) (5.04) 
High Normal - 12.29 3 15 .47 4 14.72 -4 17 .01 
29.29 37.70 -i0.4 1 
(2 .05) (23 .85) (28 .49) (33 .7 1)  (2.07) ( 1 .99) ( 1 .5) 
High - 1 3 .59 358.28 457. 1 6  -423.88 3 1 .66 37.38 - 1 8.68 
(2.06) (32.69) (25.77) (43 .2) (3.85) (4.9) (6.69) 
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Table 18. (Continued) 
Subject Drop Height Midsole CA CV Lmaxv Jmaxv LROM JROM TOV 
Soft - 1 .04 46.06 59.89 - 104.39 4.96 8 .69 -4.68 
(0.98) (7 .68) ( 12.72) (5. 16) ( 1 . 14) (0.25) (0.26) 
10 
Normal -0.28 40.60 57.73 - 1 1 2.79 4.70 9.43 -4.96 Low (0.26) (6.89) ( 1 1 .95) (4.53) (0.64) (0.7 1 )  (0.5 1 )  
High -0.54 53.27 69.45 - 1 1 1 .77 5.37 9.27 -4.42 
( 1 .08) ( 1 3. 17) (5.33) (4.9) ( 1 . 1 6) (0.7 1 )  (0.54) 
Soft -5.43 159.61 2 14. 15 -220.54 15 . 15 19 .36 -9 .63 
(0. 82) (27 .82) (27 .6) ( 1 3.79) ( 1 .28) ( 1 .47) (0.83) 
Medium Normal -5 .53 146.65 2 13 .30 -229.46 15 .65 19 .59 -9.46 (0.25) ( 1 8. 1 3) ( 12.9) (8 .49) ( 1 .22) (0.93) (0. 1 6) 
High -3.49 1 87 .56 228 .3 1 -229.96 14.22 19.36 -8.69 
(2.96) (23.26) (9 .94) (6. 1 7) (3 .49) (0.43) (0.5 1 )  
Soft -6.60 29 1 .07 322.90 -309.61 20.45 28.83 - 14.98 
(2.35) (22.33) (8 .25) (7 .74) ( 1 .64) ( 1 .88) ( 1 .66) 
High Normal -8.70 250.28 345 .74 -328 .54 23 .35 
29 .42 - 14.97 
( 1 . 17) (38.37) (24.75) (32.44) ( 1 .8) ( 1 . 1 ) ( 1 .33) 
High -6.8 1  3 10.22 38 1 . 12 -329.93 23 .46 29.48 - 1 2.80 
( 1 .26) (44.94) ( 12. 16) ( 17 .46) ( 1 .63) ( 1 . 1 8) ( 1 .56) 
Subject Drop Height Midsole CA CV Lmaxv Jmaxv LROM JROM TOV 
Soft -2.42 64.04 79.05 - 104. 1 1  5 .95 9 .08 -5.52 
(0.93) (6.42) (9 .27) (4.66) (0.94) (0.4 1) (0.28) 
1 1  Low 
Normal :-2.49 6 1 .27 8 1 . 12 - 1 1 1 . 16 6.20 9.82 -6.07 
( 1 . 1 6) (7.55) (8 .86) (0.68) ( 1 .25) (0.24) (0.22) 
High -2.03 7 1 . 19 85.86 - 1 1 1 .24 6.38 9.57 -5 .09 
( 1 .37) (9.06) (8 .35) (3 .8) ( 1 .26) (0.3) (0. 15) 
Soft -5.50 16 1 .43 199.88 -2 1 8 .53 1 3 .39 19 .96 - 1 1 .97 
( 1 .5) ( 16.06) (23 .39) ( 1 6.) ( 1 .72) ( 1 .33) ( 1 .04) 
Medium Normal . -4.06 1 5 1 .33 169.59 -2 14.36 1 1 .55 19 .40 - 1 1 .82 (0.8 1 )  (5 .98) (6.02) (4.6) (0. 8 1 )  (0.53) (0.76) 
High -5.62 156.87 20 1 . 15 -207 .62 15 .05 19.82 - 1 0.22 
(0.58) ( 10.52) ( 15 .28) ( 15.49) (0.46) (0.92) (0.36) 
Soft -6.7 1 3 1 2.36 345 .60 -34 1 .66 1 9 .07 29.75 - 17 .25 
(0.56) (29.98) ( 1 8 .06) (22.24) ( 1 .03) (0.6) ( 1 .32) 
High 
Normal -5 .72 287.82 305.61 -338.69 17 .06 30.32 - 1 8 .89 
( 1 . 1 3) (44. 14) (47 . 1 )  (26.29) . (3 . 1 )  (2.53) (0.8)  
High -5 .89 307.54 35 1 . 12 -354.5 1 2 1 .09 32 .48 - 17 . 19 
( 1 .37) ( 14.05) ( 15 .6) ( 10.55) ( 1 .59) (0.68) (0. 15) 
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Table 18 . (Continued) 
Subject Drop Height Midsole CA CV Lmaxv Jmaxv LROM JROM TOV 
Soft -4. 1 8  45 .58 61 .60 - 109.04 10. 12 12.74 -6.73 
(0.86) (4.9 1 )  (5 .3) (6.07) (0.92) (0.6 1 )  (0. 16) 
12 Low 
Normal -3 .99 47.8 1  65 . 1 6  - 1 12.56 10. 16  12.55 -6.28 
(0.36) (2.43) (5 .5 1) (9.5 1 )  (0.62) (0.4 1 )  (0. 13) 
High -3.58 42.43 60.95 - 1 14 .07 9.90 12.40 -5.86 
( 1 .38) ( 10.57) ( l .98) (3.64) ( 1 .28) (0.5 1 )  (0.23) 
Soft -7. 12 147.93 178 .91  -22 1 .27 20. 13  27 .69 - 14.59 
( 1 .93) ( 1 6.54) ( 14.82) ( 12.37) (2.69) ( 1 . 15) ( 1 .69) 
Medium 
Normal -8 .80 1 3 1 .99 169.85 -237 .26 22.03 27. 15 - 13 .30 
(0.77) ( 10.77) (20.62) ( 17.68) ( 1 . 17) (0.96) ( 1 .3 1 ) 
High -6.00 149 .92 192.79 -234.72 18 .8 1 25 .49 - 12.3 1 
(0.59) ( 1 1 .99) ( 1 1 . 15) (9.54) ( 1 . 14) ( 1 . 12) (0.95) 
Soft - 12.68 -· 244.00 324.62 -334.32 30.63 4 1 . 1 3  -2 1 .70 
( 1 .54) ( 1 3 .55) (38.58) (22.6 1 )  (2.44) (3 . 12) (3.4 1 )  
High 
Normal - 12.2 1 277.40 357.37 -339 .58 3 1 .69 39.54 - 19.74 
( 1 .4) ( 1 9.3) (24.67) (25 . 1 3) ( 1 .72) (0.66) (0.93) 
High - 10.43 259.95 329.03 -337 .67 30.2 1 38 .8 1 - 1 8 .79 
( 1 .6) ( 10.08) ( 19 .22) (36.3 1 )  (2. 16). ( 1 .45) (1 .2) 
Subject Drop Height Midsole CA CV Lmaxv Jmaxv LROM JROM TOV 
Soft 0.60 69.76 73. 17  - 120.2 1 5.48 1 1 .06 -4.97 
( 1 .09) ( 16.8 1 )  ( 19.08) (7 .6 1 )  ( 1 .45) (0.85) (0.39) 
1 3  Low 
Normal 1 .74 50.69 53.76 - 124.63 4. 19  10.89 -4.93 
( 1 .46) (27 .9) (25 .56) ( 1 .8 1 )  ( 1 .34) (0.7 1 )  (0.55) 
High 2.08 34.48 42.20 - 12 1 .93 4.3 1 1 1 . 1 8  -4.70 
( 1 .06) ( 12.85) (6.67) (6.08) (0.9) (0. 17) · (0.24) 
Soft -6.09 194.48 248 .52 -253 .87 1 8 .99 23 . 10 - 10.20 
( 1 .07) ( 16.36) ( 15 .3) (7 . 1 )  ( 1 .5 1 )  ( 1 .72) ( 1 .61)  
Medium 
Normal -3.00 204.7 1 237.70 -257 .72 15 .80 22.34 -9.45 
( 1 .46) (20.36) ( 1 8 .4 1 )  ( 10. 19) ( 1 .55) (0.67) (0.42) 
High - 1 . 17 173 . 19  193.37 -22 1 .84 14.45 23 .94 - 10.65 
( 1 .96) (42.04) (4 1 .84) ( 1 8 .05) ( 1 .9) ( 1 .4) ( 1 . 1 ) 
Soft -7 .47 349. 14 422.79 -404.60 26.07 33 .72 - 15 . 10 
( 1 .87) (23 .62) (23 .88) (8 .78) ( 1 .3) (0.97) (0.85) 
High 
Normal -7.75 338.56 420.2 1 -400.2 1 27 .55 34.82 - 15 .00 
( 1 .4 1 )  (32.58) ( 17 .85) (20. 17) (2.04) ( 1 .86) ( 1 .5) 
High -3.86 344.08 373 . 1 3  -362.07 23.63 34.57 - 14.7 1 
(4.28) (3 1 .62) (44. 13) (7.85) (4.27) ( 1 . 19) (0.92) 
103 
Table 1 8 . (Continued) 
Subject Drop Height Midsole CA CV Lmaxv Jmaxv LROM JROM TOV 
Soft -0.38 70. 19 87 .54 - 177 .62 6.09 1 3 .27 -7 .56 
(0.92) (7 .98) ( 10.49) ( 10.84) (0.75) (3 .09) (3 .26) 
14 Low 
Normal -0.58 73 .44 92.36 - 1 86.00 5.75 14.84 -9 .67 
(0.6) (9.27) (9 .07) (8 .79) (0.7) (2.03) (2.25) 
High 0.25 76.26 92.76 - 1 80.69 5.54 14.65 -8.84 
(0.33) ( 1 1 .27) ( 10.03) (8 .63) (0.72) (0.62) (0.22) 
Soft -4.87 192.69 236.45 -329.34 17 . 19 29.84 - 17 .38 
( 1 .45) (9.97) (20.42) (20.25) ( 1 .4 1 )  ( 1 .06) (0.9 1 )  
Medium 
Normal -3.87 1 87 .33 23 1 .95 -356.52 14.45 30. 10  - 19 .5 1 
(0.85) ( 1 3.83) ( 10. 14) ( 19.2 1 )  (0.88) (2. 1 1 ) ( l .76) 
High -2.25 207.46 243.79 -370.78 14.00 3 1 .75 -20.0 1  
( 1 .6) (9.78) ( 1 3 .34) ( 16 .24) ( 1 .02) ( 1 .93) ( 1 .45) 
Soft -9 .86 353 .80 414.75 -475 .43 28 .75 46.04 -27 .36 
( 1 .9) (38 .07) (43 .68) (56.79) (2 .73) (2.7 1)  (2. 1 2) 
High 
Normal - 10.01 33 1 .36 434.45 -587.85 27.48 50.3 1 -32.75 
(3.3) ( 19.34) (20.85) (27. 34) (3 .4 1 )  ( 1 .27) ( 1 .38) 
High -7 .97 368 .45 461 .03 -552.09 27 .36 45 .70 -26.40 
( 1 .78) (23 .9 1 )  (20.48) (27. 1 3) (2. 1 8) ( l . 8 1 )  ( 1 .2 1 )  
Subject Drop Height Midsole CA CV Lmaxv Jmaxv LROM JROM TOV 
Soft 0.00 49 .35 57.79 - 103 .37 5 .66 1 0. 1 3  -4.4 1 
( 1 .5 1 )  ( 1 8 .5) ( 17.64) (3.5) ( 1 .26) (0.4) (0.34) 
15 Low 
Normal -0.68 78 .43 87. 12 - 1 1 1 .4 1  5 .99 1 1 .2 1  -5 .85 
(0.47) (7.45) (7 .66) (4.05) (0.72) (0.4 1 )  (0. 15) 
High -0.01 77.54 83.8 1 - 1 14.46 5 .75 10.6 1 -4 .84 
(0. 8 1 )  (8 .2) ( 1 2.37) (5 .26) ( 1 .) ( 1 . 1 1 ) (0.9 1 )  
Soft - 1 .58 194.69 202.03 -2 16 .47 1 3 . 12 20.77 -9. 19 
(0.68) ( 12.99) ( 1 2.55) (7. 1 6) (0.85) (0.74) (0.63) 
Medium Normal 
· -2.99 194.56 208 .28 -209.09 1 3 .53 2 1 .99 - 1 1 .38 
(L75) (30.7 1 )  (33.22) (7 .26) ( 1 .98) ( 1 .32) (0.82) 
High -2.29 197. 1 1  2 15.26 -220.05 1 4.34 22.05 -9.98 
( 1 .33) ( 10. 17) ( 10.44) (3 .93) ( 1 .85) (2 .24) (2 .53) 
Soft -2. 1 8  334 .4 1 344. 10  -323 .20 20.32 3 1 .67 - 1 3 .64 
(2.22) (27 .02) (28 .26) ( 16 .05) ( 1 .99) (0.88) ( 1 .) 
High Normal -4.86 356.72 369.79 -326.52 2 1 . 16 33 .42 - 17 . 1 8  ( 1 .06) (9.05) ( 16.62) (24.75) ( 1 .52) ( 1 .) ( 1 .0 1 )  
High -3 .00 346.39 . 358.23 -332.05 20.77 33.98 - 16.07 
(3 .25) ( 1 9.78) (9. 1 2) (22.24) (2.87) (0.87) ( 1 . 19) 
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Table 1 8 .  (Continued) 
Subject Drop Height Midsole CA CV Lmaxv Jmaxv LROM JROM TOY 
Soft - 1 .6 1  73.73 86.83 -85.53 5 .6 1  9.28 -5.22 
(0.24) (7 . 8 1 )  (7.94) (4. 15) (0.28) (0.28) (0. 1 8) 
16 Low 
Normal -0.73 73 .70 84.08 -87 .95 4.83 9.38 -5 . 1 9  
(0.64) (5 .61 )  (4.63) (2.38) (0.6) (0.53) (0.54) 
High -0.25 66.00 72.20 -9 1 .00 4.42 8.72 . -4.54 
(0.56) (7 .6) . (7 .08) (9. 1 8) ( 1 .0 1) (0.66) (0. 12) 
Soft -0.93 146.46 156.26' - 1 59.9 1 9.49 19.50 - 10.93 
( 1 .7) ( 19 .97) ( 19 .4) ( 16.62) ( 1 .4) ( l .7 1) ( 1 .44) 
Medium Normal - 1 .90 1 57.94 177 .27 - 1 84.77 10. 1 3  1 8 .78 - 10.42 (0.88) ( 17 .25) ( 14. 1 1 ) (2.42) ( 1 .04) (0.47) (0.8) 
High -0.93 160.07 176. 14 - 1 86.9 1 9.6 1 1 8.57 -9.89 
( 1 .24) ( 1 5 .47) ( 1 5 .43) (20.78) ( 1 .2 1 )  ( 1 .74) ( 1 .65) 
Soft - 1 . 12 2 19. 14 232.98 -270.03 14.42 30.87 - 17 .29 
(2.85) (2 1 .75) (28.96) (28 .87) (3 . 1 1 ) ( 1 .42) (0.56) 
High Normal -2. 17 28 1 .43 304.55 . -276.22 15 .33 29.40 - 16.08 ( 1 .98) (8 .67) (9.88) (7 . 15) ( l . 84) ( 1 .28) (0.74) 
High -3 .27 248.72 280. 16  -270. 17 17 .37 26.99 - 12.86 
(2. 88) (39.47) (54.94) (37 .46) (3.06) (2.97) (2.47) 
Note: CA = joint displacement at contact, CV = angular velocity at contact, UJmaxv = maximal angular 
velocity during land/jump phases, UJROM = range of angular dtsplacement during land/jump phases, TOY 
= angular takeoff velocity. CA, ROM values in deg, velocity values in deg/s. Standard deviation values in 
parenthesis. 
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Table 19. Grand mean and standard deviation for hip angular kinematic data. 
Drop Height Midsole CA CV Lmaxv Jmaxv LROM JROM TOV 
Soft 9.95 22.99 36.35 -87. 17 3 .85 10.99 2.29 
(2.23) (23 .25) (2 1 .00) ( 1 3 .90) (2.30) (2.49) ( 1 .27) 
Low Normal 9. 12  2 1 .89 34.43 -82.99 3 .67 10.69 1 .92 
( l .97) (2 1 .66) (2 1 .9 1 )  ( 1 3.73) (2.38) (2.78) ( 1 . 1 0) 
High 9.52 2 1 .22 34.86 -84.67 3 .68 10.85 2.0 1 
(2.3 1) (22.27) (23 .85) ( 1 3 .57) (2 .54) (2.62) ( 1 .28) 
Soft 17 .55 48 .07 90.58 - 172.32 9.56 22.06 4.53 
(3 .88) (4 1 . 1 3) (43 .69) (32.32) (4.95) (6.39) (2.38) 
Medium Normal 16.9 1 46.46 85 .43 - 1 67 . 17 8.34 2 1 .4 1  3 .80 
(4.06) (38 .93) (43 . 19) (33 .92) (5 .52) (7 .44) (2.03) 
High 17 .09 48.95 85.86 - 168.99 8.59 21 .39 3 .86 
(3.67) (39.95) (43 .28) (25 .57) (5. 10) (5.37) (2.59) 
Soft 22.72 78.49 159.84 -258.23 16.41 32.47 6.24 
(5 . 15) (5 1 .49) (58 .96) (52.27) (9.04) (9.86) (3 .20) 
High Normal 22.55 75 .36 146.35 -252.54 14.37 3 1 . 87 5 .50 
(5.67) (55 .77) (58 .96) (45 .30) (7 .59) (8.98) (3 .93) 
High 22.03 94.62 165 .20 -247.48 16.70 32.37 6.26 
(5.32) (57 .60) (6 1 .22) (47 .33) (8.66) (9.69) (4.58) 
Note: CA = joint displacement at contact, CV = angular velocity at contact, UJmaxv = maximal angular 
velocity during land/jump phases, UJROM = range of angular displacement during land/jump phases, TOV 
= angular takeoff velocity. CA, ROM values in deg, velocity values in deg/s. Standard deviation values in 
parenthesis. 
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Table 20. Group mean and standard deviation for hip angular kinematic data. 
GrouE DroE Height Midsole CA 
Soft 9.83 
(2.39) 
Low Low 
Normal 9.05 
(2.20) 
High 9.41 
(2.46) 
Soft 1 6.72 
(4.37) 
Medium 
Normal 16.58 
(5 . 19) 
High 15 .86 
(3.76) 
Soft 2 1 .87 
(6.33) 
High Normal 2 1 .87 
(7.05) 
High 20.95 
(5 .92) 
GrouE DroE Height Midsole CA 
Soft 10.08 
(2.08) 
High Low 
Normal 9 .20 
( 1 .7 1) 
High 9.66 
(2. 1 5) 
Soft 1 8 .52 
(2.98) 
Medium 
Normal 17 .29 
(2.24) 
High 1 8 .49 
(3 .05) 
Soft 23 .66 
(3.23) 
High 
Normal 23 .3 1 
. (3.53) 
High 23.21 
(4.37) 
CV Lmaxv Jmaxv 
30.59 4 1 .75 -89.67 
( 14.53) ( 1 6.2 1 )  ( 14 .5 1 )  
25 .88 36. 1 8  -84. 14 
( 17 .84) (20.39) ( 1 3.72) 
24.66 36.68 -85 .29 
(20.37) (2 L06) ( 14 .74) 
53.75 96.98 - 174.57 
(32.40) (39.68) (37 . 15) 
55.64 9 1 .26 - 1 67.30 
(34.34) (43 .70) (4 1 .69) 
53 . 19 88 .47 - 165 .66 
(39. 12) (43 .5 1 )  �27 .92) 
87. 1 1  1 63 .5 1 -255.30 
(40.07) (59.52) (6 1 .92) 
82.30 145 .2 1 -250.0 1 
(53 . 19) (58 .39) (48 .48) 
90.76 154 .84 -233 . 10 
(61 .94) (63 .49) (47 . 1 1 ) 
LROM JROM 
3 .94 10.79 
( 1 . 84) (2.38) 
3 .06 10.34 
(2.04) (2.98) 
3 .03 10.54 
(2.08) (2.77) 
9 .28 20.79 
(4.97) (6.40) 
8 .25 . 20 .35 
(4. 8 1 )  (8.06) 
8 .05 20.3 1 
(5 .00) (5 .43) 
15 .58 30.40 
(8 .0 1 )  (9.45) 
12.78 30. 19  
(6.27) (9.50) 
13 .99 29.55 
(7 . 14) (9.85) 
CV Lmaxv Jmaxv LROM JROM 
14.53 30.33 -84.38 3.74 1 1 .21 
(28 .02) (24. 13) ( 1 2.83) (2.76) (2.62) 
17 .46 32.48 -8 1 .70 4.35 1 1 .08 
(24.75) (23 .64) ( 13 .82) (2.58) (2.53) 
1 7 .05 32.65 -83.9 1 4.48 1 1 .23 
(24.04) (27 .02) ( 12.20) (2.84) (2.4 1 )  
4 1 .38 83.04 - 169.68 9.89 23.54 
(49 . 16) (47.47) (25 .83) (4.98) (6. 14) 
36.23 78 .95 - 1 67 .02 8 .44 22.58 
(4 1 .6 1 )  (42.28) (22.96) (6.30) (6.60) 
44. 10  82.87 - 172.80 9.22 22.62 
(40.90) (43 .45) (22.40) (5 .2 1 )  (5. 10) 
68 .89 155.75 -26 1 .50 17 .33 34.77 
(60.97) (58.92) (39.5 1 )  ( 10. 1 1 ) (9.93) 
67 .60 147 .6 1  -255 .36 16. 14 33 .75 
(58.34) (60.45) (42.00) . (8.60) (8. 10) 
98.80 . · 176.45 -263 .09 19.65 35 .44 
(53 .08) (57.44) (42.97) (9.29) (8 .63) 
TOV 
2.59 
( 1 .59) 
1 .73 
( 1 .24) 
1 .85 
( 1 .42) 
4.78 
(2.77) 
3.96 
(2.50) 
3 .68 
(3. 17) 
6.40 
(3 .29) 
5 .01 
(4.44) 
6. 1 6  
(5.33) 
TOV 
1 .95 
(0.65) 
2. 14 
(0.90) 
2.20 
( 1 .08) 
4.23 
( 1 . 8 1 )  
3 .62 
( 1 .33) 
4.06 
( l .73) 
6.06 
(3 . 1 3) 
6.04 
(3 .25) 
6.37 
(3.67) 
Note: CA = joint displacement at contact, CV = angular velocity at contact, IJJmaxv = maximal angular 
velocity during land/jump phas�s. IJJROM = range of angular displacement during land/jump phases, TOV 
= angular takeoff velocity. CA, ROM values in deg, velocity values in deg/s. Standard deviation values in 
parenthesis. 
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Table 21. Subject mean and standard deviation for hip kinematic data. 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 1 1 . 1 3  1 6.07 34.37 -92.29 3 .28 10 .39 3 . 1 1  
(0.95) ( 1 1 .94) (8.54) (4.56) ( 1 .68) (2.53) (0.3) 
1 Low 
Normal 7. 15 - 1 . 1 8  8.80 -68 . 1 8  0.44 6.85 0.8 1 
(0.64) (4.98) (6. 1 3) (6.03) (0.27) (0 .78) (0.48) 
Hard 8.00 0.78 13 .32 -73.46 0.77 7.99 1 .35 
(0.4) (2.3 1) (5 .45) (4.28) (0. 37) ( 1 .4 1) (0.64) 
Soft 16.36 20.29 73 .07 - 1 77 . 14 6.2 1 1 6.3 1 3 .97 
( 1 .59) (22.4 1)  (7.95) ( 1 3 .44) ( 1 .57) (4.69) ( 1 .52) 
Medium 
Normal 1 1 . 16 6.25 52.24 - 125 .36 3 .77 12.57 3 .00 
(2 . 15) (2 1 .48) (22.35) (20.57) (2.03) ( 1 .32) ( 1 .24) 
Hard 14.99 4.99 54.49 - 146.65 3 .78 1 5 .29 4.59 
( 1 .35) . ( 17.62) ( 15 .27) (6.48) ( 1 .63) (2.83) ( 1 .58) 
Soft 20. 86 50.9 1 145 . 1 6  -254.97 13 .77 26.63 6.34 
(2.54) (24.25) . ( 19 .89) ( 14 .5) (3.7) (3.98) ( 1 .45) 
High 
Normal 17 . 1 1  -2.34 8 1 . 1 3  -200.77 4.92 20.76 3 .03 
( 1 .42) ( 12.93) (2 1 .34) (2 1 . 17) ( 1 .8) (5 . 15)  (0.61)  
Hard 17.47 20.30 93 .02 -205.09 6.98 22.35 4. 1 8  
( 1 .05) (3 1 .23) (37 . 1 )  (24.26) (3 .68) (4. 12) ( 1 .98) 
.Subject Drop Height Midsole CA CV Lfyfax JMax LROM JROM TOV 
Soft 8.60 37.97 5 1 .86 -95 .33 5 .63 1 1 .72 1 . 80 
(0. 1 8) (3 . 8 1 )  (4 .7) (2.94) (0.47) ( 1 .2 1 )  (0.6) 
2 Low 
Normal 7.77 29.98 46.67 -87.9 1 4.33 10.05 1 . 80 
(0.4) ( l .88) (3 .7 1)  (3. 1 1 ) (0.38) (0.73) (0.44) 
Hard 7.84 �0.72 5 1 .30 -90.03 4.60 10.82 1 .78 
(0.46) (2.) (3 .85) · (4.26) (0.27) ( 1 .) (0.57) 
Soft 14.55 59.22 109.59 - 1 67 .87 9.82 20.39 3 .68 
(0.57) (8 .78) (7.62) (6. 1 1 ) (0.79) (0.57) (0.53) 
Medium Normal · 15.01 58 .46 10 1 .63 - 1 60.70 8 .97 1 8. 1 4  4.97 ( 1 .32) (7.4) ( 1 6. 1 8) (9.0 1 )  ( 1 . 89) (2. 1 2) ( 1 .58) 
Hard 1 3 .61 58.34 98 .46 - 1 62.60 7 .86 1 8 .42 3 .7 1  
(0.59) (6.92) (5.64) (7.75) (0.75) ( 1 .86) (0.66) 
Soft 20.90 93 . 8 1  179.06 -246.08 16.36 29. 1 9  6.02 
( 1 .46) ( 1 6.64) (23 . 19) ( 19.92) (3. 19) (3. 17) ( 1 .6) 
High 
Normal 19.78 92.73 165.48 -246.23 1 3 .72 26.40 6.79 
(2.03) ( 17 .67) (33 .32) (27 .59) (4.33) (4.03) ( 1 .5 1 ) 
Hard 2 1 .0 1  1 12.57 169.22 -232.87 1 3 . 1 1  29. 1 8  7 .76 
(2.85) (42.67) (26.4) (30.66) ( 1 .8) (7 . 1 3) . (3 .05) 
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Table 21. (Continued) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 9.23 22.62 25 .99 -83 . 1 5  2 . 14 10.02 1 .44 
(0.5 1 )  ( 1 1 .84) (9.74) (6. 1 6) (0.64) (0.68) (0.49) 
3 Low Normal 9 .55 15 .88 16.53 -80. 1 5  1 .26 9.30 1 .09 (0.4) (9.37) (9.58) (3 .22) (0.83) (0.7 1)  (0.63) 
Hard 9.3 1 10.64 23 .29 -8 1 .67 1 .73 9.48 1 .38 
(0.94) (6.0 1)  ( 1 3 .06) (4.72) (0. 87) (0.82) ( 1 .07) 
Soft 15.96 23 .94 50.0 1 - 143.68 3 08 1 16.44 3 .00 
• ( 1 .39) ( 19.25) (2 1 .4 1 )  ( 1 3 .34) (2.2 1)  (3. 1 5) (0.68) 
Medium Normal 16.02 43 . 15 54.8 1 - 1 6 1 .77 4.77 16 . 16 3 .05 ( 1 . 1 ) ( 1 0.21)  ( 12.65) (8 .32) ( 1 .22) (4. 1 3) ( 1 .6) 
Hard 14.6 1 3 1 . 14 50.36 - 158 .52 3 .87 17 .99 0.65 
(0.8) ( 1 3 .9 1 )  (27.34) (9.84) ( 1 .96) (2.26) (0.65) 
Soft 17 .6 1 40. 1 6  87.01  - 1 74.90 6.7 1 20.7 1 6.50 
( 1 .48) ( 17.7) (24.2) (22.89) (2.47) (4.75) ( 1 .43) 
High Normal 19.42 83.68 124.36 -252.8 1 1 1 .08 3 1 .24 5 .09 (2. 17) ( 1 1 .45) (28.6 1)  ( 17 .84) (2.27) ( 1 3 .24) (3 .46) 
Hard 1 8 .3 1 70.42 1 19.78 -208.39 9 .55 22.09 5 .47 
(2.08) ( 1 3 .84) ( 12.8 1)  (25.85) ( 1 .2 1 )  (5.29) (4.27) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 14.37 34.9 1 54.82 - 109.44 5 . 1 6  14.33 4.75 
( 1 .58) (5 .68) (8 .03) ( 1 1 .57) ( 1 .54) ( 1 .8 1) (2.09) 
4 Low Normal 12.98 43.86 62.80 - 106.03 5 .95 16.07 3.43 ( 1 .48) (7.68) (9.09) (4.88) ( 1 .55) ( 1 .22) ( 1 .08) 
Hard 1 3 .9 1 49 .43 64.27 - 1 12.0 1 6.25 15 .64 3 .52 
(0.8 1 )  (7.2) (6.07) (9 .04) ( 1 .5 1 )  (2.02) ( 1 .47) 
Soft 25.2 1 70.23 145.36 -228 .49 14.57 3 1 .38 9.86 
(2.53) (28.86) (30.46) ( 13 .77) (5 . 8 1 )  (5 .22) ( 1 .95) 
Medium Normal 25 .64 100.37 172.57 -240.80 17 .86 36.4 1 6.85 (6.52) (20.2) (27.42) (57.95) (2.83) (8 .22) (2.24) 
Hard 22.7 1 9 1 .78 152. 10  -2 13 .53 15 .56 28. 12  7.93 
(3 .89) ( 1 3 .68) c1.1s) ( 1 8 .76) (0.89) (3 .34) (3 .09) 
Soft 3 1 .48 9 1 .56 2 17 .33 -328.85 1 9.48 42.82 7 .77 
(4.6) (28 .) (46.37) (� l .43) (5 .22) (2.) (3 .57) 
High Normal 36.23 146.78 237 .86 -3 1 8 . 1 6  2 1 .65 45 .30 10.78 (2.6) (33 .61 )  (3 1 .48) (20.58) (4. 1 1 ) (4.73) (5 .07) 
Hard 32.07 163.79 250.6 1  -270.73 24.54 40. 1 3  14.42 
(3 .05) (38. 15) (9.28) (7.1 . 14) .- (4,4) ( I  1 .56) (7 .06) 
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Table 2 1 .  (Continued) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 8 . 17 38 .03 46. 16  -72.06 3 .70 9.73 2.01 
(0.66) (2.4) ( 1 .9) ( 1 .76) (0.28) (0.67) (0. 17) 
5 Low Normal 7.64 39.28 50.07 -78 . 16  
5 .33 10.56 2.08 
(0.38) (3.69) (3 .77) ( 1 .9) (0.47) (0.64) (0.34) 
Hard 6.9 1 35 . 12 57.32 -74.26 5 .20 9 .94 2.28 
(0.85) ( 1 .33) (9.46) (6 .65) ( 1 . 1 ) (0.6) (0.62) 
Soft 15 .20 65 : 12 108 .04 - 153 . 1 3  9 .70 20.27 4.29 
( 1 .53) ( 17 .58) (20.56) 1(2.52) ( l .96) (0.5) (0.91 )  
Medium Normal 17 .30 49.82 9 1 .36 - 160.79 6.76 20.26 3 .44 ( 1 .69) ( 16 .74) (2 1 .66) (2.73) (2.2) ( 1 .05) (0.38) 
Hard 15 .3 1 62.69 106.97 - 156 .59 8 .70 19 .96 4. 12 
. (2.58) (9.69) ( 17 .38) (4.36) ( 1 .95) (0.6 1 )  ( 1 .26) 
Soft 23 .41 92.65 173 .04 -240.24 14 .66 30.55 7 .52 
( 1 .53) ( 12.85) ( 1 3 .98) (7 .08) ( 1 .65) (0.82) ( 1 . 35) 
High Normal 2 1 .64 83 .25 170.76 -233 .67 14.09 30.05 6. 10 (2.44) (22.97) (2 1 . 15) ( 1 3 .93) (2.34) (2.32) ( 1 .3) 
Hard 22.06 1 17 .44 1 87 .74 -233 .25 17 . 15  30.55 7 .83 
( 1 .74) ( 10.55) ( 12.59) (5.04) ( l .9 1 ) (2.05) ( 1 .03) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 10.46 33 .03 34.42 -94. 15 3 .72 1 1 .64 2 . 12 
( 1 .02) ( 1 1 .7 1 )  · ( 12 .79) (5 .98) (2. 12) ( l . 85) (0.78) 
7 Low 
Normal 9.78 33 .80 . 37.32 -92. 1 8  4.3 1  1 1 .56 2.39 
(0.78) (7 .65) (7.32) (8 . 1 1 ) ( 1 .25) ( 1 . 1 8) (0.47) 
Hard 9 .50 39.92 44.77 -90.5 1 5 .03 1 1 . 84 2.40 
(0.87) (6.38) (9.27) (2.48) ( 1 .64) ( 1 .04) (0.47) 
Soft 2 1 .08 86. 1 1  108 .46 - 1 85 .50 13 .56 27 . 14 5 .87 
(2.35) ( 10.09) (24.62) ( 10.07) (3 .6) (5 .07) (0.98) 
Medium Normal · 17.74 65: 19 85 .44 - 179.02 9 .38 22.43 4.83 (0.72) (3 .36) ( 10.69) (7 . 1 3) ( l .6 1 )  ( 1 . 19) (0.58) 
Hard 1 8 .7 1 79.02 82. 1 1  - 1 80.58 9 .63 23.88 5 .38 
( 1 . 14) ( 10.3 1 )  ( 10.52) ( 1 6. 1 8) ( 1 .5) ( 1 .96) ( 1 . 16) 
· Soft 25 .87 125 .86 1 87 .47 -279.26 2 1 .94 38 . 1 1  9 .44 
(3 .74) (20.99) (22.52) (9.) (4.2 1 )  (3-.49) ( 1 .4) 
High Normal 26.63 1 1 8 .55 170. 19  -298 .66 20.96 35 .7 1 10.01 , ·  (0.55) ( 10.88) ( 15 .57) ( 17 .83) (3 .42) (6.26) ( 1 .88) 
Hard 22.24 109 .85 149.79 -265 .60 16 .61  32.64 6.77 
(2. 87) ( 17 .52) (35 .48) ( 12.4 1) (6.25) (2.37) (6.06) 
1 10 
Table 2 1 .  (Continued) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOY 
Soft 1 3 . 1 3  -38.62 - 1 6.8 1 -82.44 1 .88 9.6 1  1 . 17  
(0.89) (7.6 1 )  (7 .23) (3.78) (0.22) ( 1 .49) (0.46) 
8 Low 
Normal 10.66 -3 1 .66 - 1 7.45 -60.95 1 .46 7 .64 2.20 
(0.43) (I 1 .02) (5 .23) (5 .33) (0.34) ( 1 .83) (0.83) 
Hard 1 2.92 -20.50 - 16.38 -80.84 1 .52 9.52 1 .97 
· (0.53) ( 10. 14) ( 1 1 .37) (I J .02) (0.5) (0.85) (0.45) 
Soft 2 1 .48 -49. 17 - 15 . 1 6  - 150.77 2.39 16.00 4.07 
( 1 .48) (3 1 .63) (25 .63) (24.7 1)  ( 1 .26) ( 1 .46) ( 1 .69) 
Medium Normal 19.48 -32.42 1 3 .4 1 - 144.87 1 .28 1 9.22 5.03 
(0.98) (2 1 .8 1 )  ( 1 6.96) ( 10.02) (0.9) ( 1 1 .68) ( 1 .49) 
Hard 23.52 - 10. 1 8  1 2.82 - 1 67 .80 2.24 17 . 1 9  3 .35 
( 1 .36) (50.62) (4 1 .05) ( 15 .74) ( 1 .49) (3 .97) (2.52) 
Soft 26.36 -57 .5 1 39.28 -229.59 1 .32 20.37 5.6 1 
( 1 . 1 1 )  ( 19.2) ( 10.64) (23. 84) (0.35) (3 .26) ( 1 .43) 
High Normal 25 .72 -22.64 60.58 -205 .75 6.02 28.01 7 .70 (2.07) (45 .29) (75 .4) (4 1 .79) (2.2) ( 1 1 .56) (5 .3 1 )  
Hard 30.67 162.45 243 .29 -298 .40 30. 1 7  42.94 9.75 
(3. 14) ( 1 6.35) (29.68) (43.45) (7 .32) ( 14.04) (2.65) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 1 1 .03 1 3 .54 40.67 -94.66 4. 1 1  1 3 .36 2.30 
(0.48) (3 .5 1)  (4.67) (4.43) (0.7 1)  (0.82) (0. 14) 
9 Low Normal 10.76 16.04 46.60 - 1 00.44 6 . 1 9  14 .27 2.95 ( 1 .05) (5 .5) (5 .64) (6. 12) ( 1 .23) ( 1 .86) ( 1 .74) 
Hard 1 1 .2 1 15 .39 49.98 -95 .64 6.59 1 3 .83 3 .21 
(0.84) (7.52) (5 .64) (5 .74) ( 1 . 1 1 ) ( 1 .94) ( 1 .64) 
Soft 20.04 24.58 90.34 -200. 14 9.25 26.84 3 .02 
(0.52) ( 16.68) (8.33) ( 1 2.7 1)  ( 1 .56) (2.64) ( 1 .09) 
Medium 
Normal 17 .94 48.46 1 17. 17  -200. 13  14.78 . 29.60 3 .86 
( 1 .63) (2 1 .88) (6A) ( 1 9.29) ( 1 .93) ( 1 .89) ( 1 .0 1) 
Hard 20.02 47.2 1 1 1 2.63 -208.53 1 4.50 30.53 3.92 
(2.26) (7.56) ( 1 1 .76) (9.62) (2 .09) ( 1 .72) (0.72) 
Soft 25 .73 53.58 167.40 -309.25 18 .20 40.73 4 .80 
( 1 .57) (2 1 .64) ( 14.) (24. 1 9) ( 1 .4 1 )  . (3 .07) (0.%) 
High Normal 24.9 1 72.59 1 90.43 -292.50 · 22.20 36.74 6. 1 3  
(2 .27) ( 1 1 .02) (23 .67) (24. 1 9) (3 .44) . (9. 15) · (2.02) 
Hard 25 .25 85.63 202.4 1 -305 .3 1 · ,  26.4°0 43 .46 ·7,34 
(3.8) ( 12.74) ( 19:03) (6.4 1 ) · . (4.37) (4.06) (3.45) 
1 1 1  
Table 2 1 .  (Continued) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 5 .67 1 1 .46 16.39 -57 .84 1 .3 1  6.33 0.22 
(0.53) (5 .46) (8 .72) (5 .) (0.73) (0.09) (0.55) 
10 Low 
Normal 5 .46 1 8 .48 19.6 1 -60.28 1 . 19 6.27 0. 12  
(0.57) (7 .82) (9.5) (3.86) (0.87) (0.5) (0.46) 
Hard 5.75 1 1 . 1 6  14.59 -6 1 . 1 8 1 . 17 6 .61 0.33 
(0.48) (2. 12) (2.32) (4.05) (0.2 1 )  (0.48) (0.84) 
Soft 10.23 16.4 1 41 .83 - 1 1 1 .04 3 .49 1 2.36 0.93 
( 1 .07) ( 19 .6 1) ( 1 8 .42) ( 12 .36) (2.08) (2.73) (0.74) 
Medium Normal 9.68 30.54 46.77 - 1 15 .75 4.60 12.74 1 .43 ( 1 .43) ( 1 1 .09) ( 1 8.7 1 )  (9.8 1 )  ( 1 .86) ( 1 .3) (0.7 1 )  
Hard 10.52 23.23 36.83 - 1 17.22 3 .4 1 1 3 . 1 6  1 .09 
( 1 .43) (6.4) ( 14.04) ( 12.46) ( 1 .68) (2 .76) (0.99) 
Soft 9.28 40.06 8 1 .30 - 158 .85 6.57 1 6.04 -0. 12 
(2.66) ( 1 8 .66) ( 15 .66) ( 1 1 .07) ( 1 .33) ( 1 .67) (0.42) 
High Normal 12 . 1 6  33.67 68 .43 - 1 75 .46 6.5 1 2 1 .26 -0.26 ( 1 .22) (7 .8) ( 1 3 .59) ( 1 6.88) ( 1 . 1 1 )  (4.7 1 )  ( 1 .44) 
Hard 12 .59 28 .27 73.2 1 - 1 67.09 6.44 1 8 .02 1 .03 
( 1 .75) (9 .3) ( 1 6.7 1 )  (8 .86) (2.05) (0.3 1 )  ( 1 .56) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 8 .28 15 .97 2 1 .4 1  -7 1 .26 1 .56 7.68 1 .92 
(0.5 1 )  (2.23) (8. 14) (6 .95) (0.76) (0.82) (0.7) 
1 1  Low 
Normal 7 .85 25.63 26. 1 2  -75 . 16  2. 14 9.57 1 .48 
( 1 .04) (6.33) (6.61 )  (2 .48) (0.93) (2.67) (0.23) 
Hard 10.30 25 .68 39.50 -87.76 3.73 1 1 .08 2.62 
(0.96) (5.23) (6.37) ( 1 .99) ( 1 . 12) ( 1 .4) (0.38) 
Soft 15 .50 48. 12 80.04 - 159.56 7 .06 1 8 . 8 1  4.39 
(0.58) ( 1 1 .24) (22.33) ( 1 3 .27) (2.46) ( 1 .69) (2.28) 
Medium Normal 14.92 44.58 53 .99 - 148.38 3.94 1 7 .39 2.52 ( 1 .37) (6. 1 6) ( 13.86) ( 12.23) ( 1 .36) (3 . 1 8) (0.87) 
Hard 1 8.20 64.53 1 12.24 - 176.06 1 3 .22 22.79 5 .36 
( 1 .25) (9 .47) ( 10.76) (4.66) (2.3) (6.0 1 )  ( 1 . 1 1 ) 
Soft 22.33 79.64 140. 1 6  -245 .39 1 1 .32 27.96 4.62 
( 1 . 1 )  (20.38) (27 .45) (8.83) (3.46) (2.74) (2.2) 
High Normal 20.0 1 85.9 1 106.55 -23 1 .92 8 .03 28.43 1 .99 (2.4 1 )  (27 .77) (40.57) ( 1 1 .42) (3 .9 1 )  (5 .29) (0.92) 
Hard 23.95 88. 15 155 .76 -256.99 1 3 .27 3 1 .35 5 . 17 
( 1 .09) (2 1 .4 1 )  ( 19.72) (8 .87) ( 1 .8) (2.44) ( 1 .4) 
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Table 21 .  (Continued) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 8.08 44.74 6 1 .35 - 102 . 3 1  9.24 1 5 .42 1 .76 
(2.25) (9.23) (6.34) (8.5) (2.48) (0.94) (0.47) 
12  Low Normal 6.93 37.82 55 .79 -92 .84 8 .64 1 3 .35 1 .68 (0.69) (3.47) (5.58) (5 .07) ( 1 .38) (0.68) (0.49) 
Hard 7.47 39 .29 54.48 -90.43 8.64 1 3.9 1 2.36 
( 1 .54) (6.02) (2.47) (8.62) ( 1 .62) (0.75) (0.9 1 )  
Soft 16.78 100.5 1 132.48 -200.3 1 1 8 .44 33.5 1 2.26 
(3.2 1 ) · (24.4) ( 12.28) ( 10.67) (2.09) (4.32) ( 1 .7 1 ) 
Medium Normal 14.24 85 .85 139.54 - 186.73 19.04 29.78 3 .00 ( 1 .3) ( 12.76) (9.6 1 )  ( 1 1 .76) (2.75) ( 1 .93) ( 1 .39) 
Hard 15 .97 74.80 1 17 .4 1  - 1 8 1 .07 13 .97 25 .47 4.62 
(2.45) (7.3 1 )  ( 1 8. 16) (7 .3) (2.58) ( 1 .2 1 )  ( 1 .28) 
Soft 20.85 125.32 226.57 -3 10.78 33.46 50.39 4.09 
(2.99) ( 12.4 1 )  (44.04) (24.02) (8 .93) (7.3) (6.36) 
High Normal 19 .22 127.58 2 10.06 -290. 1 5  29.26 42.29 . 5 .44 (2.6) ( 14.74) (22.34) (20.33) (5.33) (6.95) ( 1 .35) 
Hard 19.3 1 1 33 .50 22 1 .02 -292 .28 28. 12  4 1 .65 6.07 
( 1 .45) ( 14.44) (24.49) (22.53) (3.39) (2 .54) (2.48) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 8.85 52.61 59 .07 -86.73 4.88 10. 15  3 .23 
(0.62) ( 12.57) ( 1 5 .49) (2.65) ( 1 .42) ( 1 . 12) (0.62) 
1 3  Low 
Normal 9.42 55.30 60.08 -86.48 4.29 10 .80 2.97 
(0.79) (6. 1 9) (8.24) (4.6 1 )  (0.98) (0.73) (0.5) 
Hard 1 1 .20 59. 15 64.02 -86.78 4.41 1 1 .69 3 .26 
( 1 .89) (5.08) (6.28) ( 1 . 84) ( 1 .44) ( 1 . 15) (0.55) 
Soft 15 .37 87 .46 108.00 - 169.00 10.09 20.04 5.72 
( 1 .3 1 )  (7 .49) ( 1 1 .38) (9.97) ( 1 .3 1) ( 1 .63) ( 1 .66) 
Medium Normal 1 8.07 98. 1 3  108.95 - 163 .01 8 .24 19 .70 5.84 (0.61)  · (22.62) (30.95) ( 1 1 .45) (2.59) (2 .3 1 )  (0.7) 
Hard 17 .00 12 1 .88 145. 1 8  - 178 .36 14.34 24.56 5 .62 
(0 . 87) (8.72) ( 1 6.2 1 )  (6.33) (3 .67) (3.5 1)  (2.58) 
Soft · 22.89 125 .76 144. 1 3  -242.9 1 1 1 .29 27. 1 2  7.57 
( 1 .66) (4.87) ( 1 3 . 1 6) (6. 1 6) (2.2) ( 1 .34) (2.58) 
. High Normal 23.24 1 38 .48 152.49 -246.39 12 .67 27.3 1 7 .29 (1 .59) ( 1 3 .82) (23 .9) (2 1 .78) (2.39) (2.2) (2 .85) 
Hard 22.97 1 72.43 2 17.70 -239.70 20.48 33. 1 3  8 .92 
(2.3 1)  (40.2) (42 . 19) . ( 1 8 .3) (5 .87) (5.36) (2.5 1) 
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Table 2 1 .  (Continued) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 9.98 29.24 37.01 -99.22 3.01 10.54 2.25 
(0.58) (5 .69) (8.02) (5 .78) (0.67) (0.97) ( 1 .41 )  
14  Low Normal 9. 10 17 .33 28.7 1 -93 .42 2.08 10.2 1 0.79 (0.72) (5 .98) (3.36) (5 .47) (0.33) (0.73) (0.72) 
Hard 9 . 16  10. 16  23.80 -9 1 .67 1 .54 10.57 0.4 1 
(0.69) ( 10.57) (9.72) (7.35) (0.84) (0.9) (0.9) 
Soft 16.65 80.0J 1 36.48 -216.86 14.72 25 .44 4.50 
( l .88) ( 1 8.84) ( 15 .57) ( 17 .03) (2.69) (2 .9 1)  ( 1 .54) 
Medium Normal 16.33 35 .62 75.96 - 1 87. 17  5.65 20.38  0.79 (0.86) (6.4 1 ) . ( 1 3 .85) (6.62) ( 1 .57) ( 1 .89) ( 1 .87) 
Hard 15 .42 27 .56 66.42 - 179.56 4.82 2 1 .62 0.02 
(1 .45) ( 1 8.3) (9 . 1 8) (3 .37) ( 1 .26) (4.) (0.27) 
Soft 22.88 1 39.08 246.05 -339.59 29.99 42. 17  7.01 
(2.77) (17 . 14) (27.56) (23 .37) (5 .65) (5 .82) (4.48) 
High Normal 2 1 . 1 1  44.80 1 37.29 -289.94 1 1 .23 32.56 -0.65 (2.4 1) (20.98) (33. 1 1 ) (22. 19) (4.7 1)  (3 . 1 3) ( 1 .42) 
Hard 19.20 53 .77 1 38 . 14 -278.52 12.09 34.96 1 .08 
( 1 .9 1) ( 17 .52) (2 1 .48) (7 .63) ( l . 89) (8.78) (2.06) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
So.ft 10.01 36.0 1 49.42 -87.00 5 .58 1 1 .99 3 .47 
(0.79) (4.43) (6.48) (0.93) (0.99) (0.3) (0.65) 
15  Low 
Normal 10.24 25 .87 42.9 1 -85 .93 4.52 12.32 2 .49 
(0.74) (5 .94) (4.35) ( l .86) (0.4) (0.6) (0.43) 
Hard 10.09 25 .2 1 38.87 -85.55 3.72 1 1 .48 2 .74 
(0.79) (7.42) (7.28) (3.41) ( 1 . 1 3) (0.58) (0.9) 
Soft 19.44 72.45 1 1 1 .52 - 182.52 1 1 .57 23 .99 6.56 
- . (2.67) ( 17 .41 )  ( 19.09) (6. 18) (3.89) ( 1 .73) (0.37) 
Medium Normal 19.33 67 .58 108.2 1 -173.50 1 1 .38  25 .20 5 .29 · .  (0.89) ( 14.37) (8.57) (8.2 1 )  (0.54) ( 1 .43) ( 1 .97) 
Hard 18 .05 66.60 103 .96 -168.88 10 .74 23.28 5 .87 
. ( l . 84) ( 16.06) ( 1 1 .7) (7 .84) (2 .2) (2.36) (2 .58) 
Soft 26.59 106.09 19 1 .64 -276.93 18 .69 35 .65 8 .76 
( l .76) ( 18 . 1 ) (2 1 .74) ( 15 .63) (4. 1 1 ) . ( 1 .3) ( 1 .55) 
High · Normal 25 .26 1 13 .34 188.90 -278.86 19 .82 37.39 6.9 1 ( 1 .35) (8 .73). (9.(>2) ( 16.87) ( 1 .97) (2.82) (2 .26) 
Hard 24.76 1 1 3 .45 1 86.20 -269.66 19 .66 38 . 17  6.86 
( 1 .92) 05.41)  (6.48) !1 1 .6 1 )  (2.62) . (3.29) ( 1 .99) 
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Table 2 1 .  (Continued) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 1 1 .37 -5.01  25. 1 1  -73 . 8 1  1 .98 1 1 .01 2.39 
(0.54) (9.92) (4.52) ( l . 88) (0.77) (0.57) (0.87) 
16  Low 
Normal 10.75 1 .29 28 .93 -72. 19 2 .38 10.62 2 . 19  
(0.56) (7.52) (4.53) (2.37) (0.74) (0.9) (0.88) 
Hard 8 .25 -8.33 8 .75 -64.07 0.9 1 8 .00 0.61 
(0. 83) ( 13 .3) ( 10.7) (7 .58) (0.3) ( 1 .47) (0.49) 
Soft 19.2 1 26.22 86.97 - 144.45 10.50 24.24 5 .3 1 
(2.05) (5 .25) (5 .95) ( 15 .38) ( 1 .79) (4.09) ( 1 .77) 
Medium Normal 19.39 -7.87 5 1 .72 - 149 .25 3 :89 19.36 2.63 ( 1 . 12) ( 17 .84) ( 1 6. 15) ( 1 1 .7) (2.27) (4.49) ( 1 .01 )  
Hard 17 .67 -9.36 35 .90 - 1 38 .99 2.25 1 8 .54 1 .66 
(0.6) ( 1 8 . 16) (8 .5) (2.86) (0.97) (2.) (0.57) 
Soft 2 1 .08 62.68 156.30 -2 16 .01 20.43 35 .27 6.35 
(4.2) ( 19.62) (2 1 .79) ( 17 .29) (3 . 82) (6.4 1 )  (2. 17) 
High Normal 25 .52 -6.95 1 19 .0 1  -229.78 1 1 .49 35.29 4.6
2 
(3. 1 6) (6.84) ( 16.26) (27 . 82) (2.56) (0. 12) ( 1 .04) 
Hard 1 8 .99 -5 .42 75 . 16 - 1 89.8 1  5 . 8 1  25 .47 1 .63 
( l .96) (36.56) (32.89) ( 16.45) (2.96) (3 .73) ( 1 . 1 1) 
Note: CA = joint displacement at contact, CV = angular velocity at contact, UJmaxv = maximal angular 
velocity during land/jump phases, UJROM = range of angular displacement during land/jump phases, TOV 
= angular takeoff velocity. CA, ROM values in deg, velocity values in deg/s. Standard deviation values in 
parenthesis. 
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Table 22. Grand mean and standard deviation for knee angular kinematic data. 
Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Low Soft 8 .67 43 .46 64.65 - 12 1 .89 6.73 13 .08 2.34 
(2.24) (22.07) ( 1 6 . 14) ( 17.97) (2.40) (2 . 14) ( 1 .04) 
Normal 8 .67 - 45 .64 6 1 .93 - 1 1 8 . 1 6 6.35 12.98 2.05 
( l .95) (20 .59) ( 17  .60) ( 17  . 12) (2.6 1) (2.52) ( 1 .07) 
Hard 8.39 43 .46 64.36 - 1 2 1 .23 6.70 13 . 10  2.0 1 
(2. 13) (2 1 .59) (19 .03) ( 17.94) (2.79) (2 .60) (0.88) 
Medium Soft 15 .98 109.48 156.97 -243 .85 15 .65 26.98 4.68 
(3 .34) (46.08) (41 .77) (38.37) (5.36) (5.32) (2.02) 
Normal 16.00 109.07 153 . 1_8 -244.97 14. 85 26.74 4. 12 
(2.97) (43 .24) (40.50) (40.33) (5 .57) (5 .9 1)  (2.02) 
Hard 15 .96 1 1 1 .29 152.80 -244.93 14.97 26.97 3.99 
(3.35) ( 40. 16) (37 . 19) (30.59) (5 .08) (4.66) ( 1 .7 1 )  
High Soft 22.72 185.33 258.58 . -368 .94 25 . 15 40.98 6.93 
(3 .65) (54.94) (55.58) (53 .05) (7 .9 1) (8 .49) (2.79) 
Normal 22.80 1 8 1 .00 248.26 -363 .85 23 .42 39.94 6.3 1 
(3.74) (59.78) (55.86) (53.27) (7 . 15) (8 .08) (2.9 1) 
Hard 22.53 194 .97 257 .53 -357 .03 24. 87 40.59 6.86 
(3.80) (52.78) (56.64) (59.50) (7 .04) (8.62) (2 .89) 
Note: CA = joint displacement at contact, CV = angular velocity at contact, UJmaxv = maximal angular 
velocity during land/jump phases, UJROM = range of angular displacement during land/jump phases, TOV 
= angular takeoff velocity. CA, ROM values in c;leg, velocity values in deg/s. Standard deviation values in 
parenthesis. 
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Table 23 . Group mean and standard deviation for knee angular kinematic data. 
Group Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Low Low Soft 8.78 52. 1 6  73 .70 - 129. 14  7 .62 13 .5 1  2.90 
( l .97) (2 1 .24) ( 14. 17) ( 16.6) ( l .78) ( l .68) ( 1 .08) 
Normal 9.08 52.93 69.6 1 - 124.6 1 6.44 13 .23 2.3 1 
( 1 . 86) (2 1 .3)  ( 17 .82) ( 1 6.44) (2.22) (2.55) (0.9 1 )  
Hard 8 .80 50.57 7 1 .9 1  - 127 .23 6.76 1 3 .44 2. 14 
( l .98) (22.94) ( 1 8. 17) ( 16.6) (2.29) (2.48) (0.89) 
Medium Soft 15 .53 125 . 1 3  176.52 -256. 10  17 .49 27.29 5 .77 
(3.08) (42.82) (38.32) (35 .85) (4.98) (5.37) ( 1 .6 1 )  
Normal 16.53 125 .82 167 .76 -253 .39 15 .84 27.24 5 . 15 
(3 . 16) (42.74) (42.93) (47 .43) (5 . 19) (6.77) (2.05) 
Hard 16 . 1 3  122.86 163.57 -25 1 .63 15 .22 26.94 4.45 
(3 .39) (40.9) (35.69) (3 1 .67) (4.63) (4.98) ( 1 .84) 
High Soft 22.34 2 1 1 .99 285.77 -384.56 27.53 4 1 .44 8.46 
(3.86) (49. 1 3) (5 1 .44) (57 .39) (7.9) (9.65) . (2.22) 
Normal 23.2 1 196.23 263 .45 -378.07 23.87 39.87 7 .25 
(4.3) (63 .35) (54.28) (56.22) (6.34) (8.79) (2.98) 
Hard 23.00 203.72 268.55 -360.56 24.55 39.87 7 .72 
(3.8 1 )  (57.69) (55 .76) (69. 14) (6.85) (9. 1 8) (2.63) 
Group Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
High Low Soft 8 .54 33.77 54.57 - 1 13 .8 1 5 .74 12.60 1 .7 1  
(2.53) ( 1 8 .93) ( 1 1 .69) ( 16.06) (2.63) (2.49) (0.5) 
Normal 8.2 1 37.5 1 53 .37 - 1 10.98 · 6.26 12.7 1 1 .77 
( l .98) ( 16.56) ( 12.9 1 )  ( 15.04) (3.02) (2.5) ( 1 . 1 6) 
Hard 7 .90 34.84 55 .22 - 1 1 3 .95 6.62 12.69 1 .85 
(2.23) ( 16.37) �15 .97) ( 17.) (3.33) (2.72) (0.85) 
Medium Soft 16.50 9 1 .07 1 33 .97 -229.42 1 3 .49 26.61  3 .41  
(3.6) (43 .4) (33.4 1) (36.62) (5.03) (5.33) ( 1 .69) 
Normal 15 .40 90.4 1 1 36.94 -235 .58 13 .74 26. 1 8  2.97 
(2.66) (35 .95) (30.78) (28.39) (5.85) (4 .8 1 )  ( 1 .22) 
Hard 15 .76 98 .07 140.48 -237.27 14.68 27.00 3 .47 
(3.34) (35 .4 1 )  (35.45) (27 .8 1 )  (5 .6 1 )  (4.33) ( 1 .38) 
High Soft · 23 . 15 155.62 228 .29 -35 1 .53 22.5 1 40.45 5 .23 
(3 .42) (45 .4) (43 .39) (42.07) (7. 14) (7 .08) (2.35) 
Normal 22.34 163 .97 23 1 .29 -347.95 22.9 1 ; �0.02 5 .26 
(2.99) (5 1 .2 1 )  (53 .37) (45 .48) (8.04) (7.34) (2.46) 
Hard 22.03 1 85 .46 245.56 -353 .20 25 .2 1 4 1 .38 5 .93 
(3.78) (45 .82) (55.92) (47.59) (7 .32) (8 .02) (2.9) 
Note: CA = joint displacement at contact, CV = angular velocity at contact, UJmaxv = maximal angular 
velocity during land/jump phases, UJROM = range of angular displaceinent during land/jump phases, TOV 
= angular takeoff velocity. CA, ROM values in deg, velocity values in deg/s. Standard deviation values in 
parenthesis. 
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Table 2 4. Subject mean and standard deviation for knee angular kinematic data. 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 1 1 .32 1 3 .27 53.39 - 120.44 5 . 15  12. 82 3 .67 
(0.66) (8.2 1 )  (3 .48) (2. 1 8) (0.86) (0.56) (0.45) 
Low Normal 9.28 1 1 .61  39.7 1 - 10 1 . 1 8  2.50 8 .87 2.9 1 1 (0.47) ( 1 1 .27) (8.76) (6.24) (0.55) (0.77) (0.45) 
Hard 9.52 6.29 40.75 - 107 .46 2.98 9.79 2.72 
(0.65) (3 . 12) (9.53) (8 .22) (0.75) (0.82) (0.4) 
Soft 17 .35 52. 3 1  1 3 1 .72 -239.52 1 1 .94 23 . 10 6.22 
( 1 .8) (42.22) ( 1 1 .24) (8.5) ( 1 .97) ( 1 .7 1) ( 1 .02) 
Medium Normal 15 .68 45.40 104.55 - 1 99.45 8.28 17 .58 6.40 ( 1 .7 1) (30.9 1) (4 1 . 14) (32. 1 )  (4. 1 8) (2.97) (0.66) 
Hard 17.38 38.38 1 10.97 -224.26 8.62 20.38 5.63 
(0. 86) ( 12. 14) ( 17 .82) (9.48) (2.02) (0.83) (0.8) 
Soft 22.34 120.93 229.22 -350 . 17  2 1 .42 36.27 7.53 
( 1 .28) ( 17  .08) ( 1 3 .68) (7 .5) (2.05) ( 1 .05) (0.82) 
High Normal 22.64 77 .50 177 .58  -308.26 13 .06 27.02 8.7 1 (0.62) (28.8) ( 1 6. 15) ( 1 6.4 1) (2.27) ( 1 .67) (0.86) 
Hard 21 .36 105 .64 1 85 .64 -293 .37 14.73 27. 1 9  8 .90 
( 1 .38) . (32.88) (20. 19) (37 .09) ( 1 .79) (2.6) ( 1 . 85) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 6.05 58 . 10  79.38 - 122.89 9.35 1 3 .26 2. 16  
(0.76) (4.35) (7 .68) (3.5 1)  (0.5 1 )  (0.43) (0.25) 
Low Normal 6.2 1 . 59.55 83.74 - 122.27 8 .43 12.53 2. 1 1  2 (0.65) (2.6 1 ) (4.57) ( 1 . 12) (0.53) (0.22) (0.25) 
Hard 5 .83 6 1 . 1 1  90. 14 - 124.37 8.88 12.74 1 .96 
(0.38) (4
'.
7 1) (3 .28) (2. 1 3) (0.25) (0.45) (0. 1 3) 
Soft 12.40 1 38.47 1 85 .96 -235 .7 1 18 . 17  25.59 4.99 
( 1 .02) (9.5) ( 10.) ( 12 .85) ( 1 . 1 ) (0.95) ( 1 .2) 
Medium Normal 13 . 14 14 1 .36 1 80. 12 -230.22 1 6.72 24.60 5.27 (0.4) (8.) (5.) (6.47) ( 1 .33) ( 1 .) ( 1 .02) 
Hard 1 1 .52 144.90 1 9 1 .79 -242.03 16.54 23 .97 4.09 
(0.85) (9 .27) ( 1 0.4) (6.9 1 )  ( 1 .04) (0.8 1) (0.53) 
Soft 18 . 1 8  2 18 .80 290.06 -347.7 1  27 .70 38 .79 7 . 12 
(0.74) ( 10.33) ( 1 0.01) ( 10. 1 8) ( 1 .95) (2 .29) (0.77) 
High Nonnal 17 .82 228:65 296.79' -369.75 24.96 · 36. 8 1 6.00 ( 1 .54) ( 17 . 1 3) ( 1 8 .98) ( 15 .64) (2.73) (2.04) ( 1 .0 1 )  
Hard 19.53 235.26 293 .80 -335.41 23.50 35. 19  7.83 
(3 .63) (4 1 . 16) (28.75) ( 17 .6) (3.9 1 ) (3 . 1 7) . ( 1 .4 1 ) 
Note: CA = joint displacement at contact, CV = angular velocity at contact, UJmaxv = maximal angular 
velocity during land/jump phases, UJROM = range of angular displacement during land/jump phases, TOV 
= angular takeoff velocity. CA, ROM values in deg, velocity values in deg/s. Standard deviation values in 
parenthesis. 
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Table 24. (Continued) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 9.85 54.42 66.29 - 132.00 6.37 1 3 .93 2.30 
(0.4 1 )  ( 1 1 .58) (8.62) (5 .35) (0.89) (0. 84) (0.22) 
3 Low Normal 10.91 55 .08 6 1 .30 - 1 32.07 5 .53 13 .88 2.57 (0.59) (8.56) (7 .37) (4.6 1 )  (0.98) (0.64) (0.29) 
Hard 9 .99 48 .40 69. 17 - 1 33.58 6.20 14.00 2.21 
(0.9) (9.69) ( 14.93) - (3 .6 1 )  (0.97) (0.74) (0.27) 
Soft 1 8.3 1 1 1 8 .01 148 .64 -254 . 1 6  12 .93 26.35 4.90 
(1 .57) (24. 1 1 ) (30.8) ( 12.72) (3.93) (3 . 1 9) (0.77) 
Medium Normal 20.67 141 .87 155. 1 1  -263 .2 1 1 3 .26 26.28 7 .66 ( 1 .8) ( 14.84) ( 19.92) ( 1 3 .32) (3.36) (2.2) (0.57) 
Hard 18 .76 127 .89 146.47 -26 1 . 1 8  12 .46 26.54 4.67 
(2.02) ( 1 8 .58) (34.89) (9.2) (3.37) ( 1 .96) (0.88) 
Soft 23.67 201 .9 1  24 1 .45 -360.30 20.39 35 .04 9.09 
(0.72) ( 19 .7) ( 19.95) (27 .3) (3.56) (3 .39) (0.98) 
High Normal 29. 14 239.39 257. 1 9  -395 .90 2 1 .45 38 .37 12.30 ( 1 .62) (9.02) ( 10.92) (8.47) ( 1 . 1 7) (2. 1 1 ) ( 1 .46) 
Hard 26.03 217 .28 258.22 -392.2 1 22.45 38 .30 10 .24 
( 1 . 12) ( 1 1 .94) ( 19.35) ( 1 8 .2 1 )  (2.56) (4.4) (3.6 1) 
Subject Drop H�ight Midsole CA CV LMax JMax LROM JROM TOV 
Soft 8 .95 47 .38 78.98 - 144.28 8 .64 14.39 3.24 
(0.6 1 )  ( 1 .46) (5 .83) ( 16.39) (0.64) (0.87) (0.66) 
4 Low 
Normal 8 .68 6 1 .87 84.66 - 128.86 8 .80 15 .88 1 .64 
(0.93) (8 .94) (3.24) (6.89) ( 1 . 1 7) (0.84) ( 1 .02) 
Hard 8 .06 63.66 85 .29 - 1 4 1 .3 1 9 .64 1 6.78 0.95 
( 1 .35) ( 12.43) (5 .2) (2.73) ( 1 .62) (0.46) (0.09) 
Soft 15 .43 124.04 207.86 -292.65 20.98 29 .40 7 .03 
(3.88) (2 1 .86) (26.99) ( 10. 12) ( 1 .59) (2.22) (2. 17) 
Medium Normal 15 .82 138 .24 2 10.53 -298.59 23 .50 37.26 2 . 12 (2.42) (27.48) (49.4 1) (8 1 . 12) (5 . 89) (8 .32) ( 1 . 12) 
Hard 14.36 127 .39 1 89.76 -273.72 20.36 32.54 2.34 
( 1 .99) · ( 1 3 .22) ( 1 3 . 86) ( 17 . 1 )  (2. 1 9) (2 .06) ( 1 .94) 
Soft 2 1 . 15 2 1 1 .87 340.64 -437 .44 34.58 45 .01 10.74 
(2.76) (29.09) (28 .26) (24.06) (2.98) (2.47) ( 1 .24) 
High Normal 23 .25 223.89 321 .24 -4 12.97 32.26 5 1- . 1 1  4.44 ( 1 .97) (20.25) ( 19.2). (28 . 1 4) (2.4) ( 1 .28) (2.98) 
Hard 22.62 · 235 .05 3 12 . 12  -343 .04 30.54 47 .24 5 .95 
(2.08) ( 19.65) . (22 .82) (97 .67) (8 . 1 3) (9.74) · (2.83) 
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Table 24. (Continued) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 6.85 48 .90 60.89 -103 .86 6. 14  1 1 .03 2.0 1 
(0.57) (5 .7 1)  (4.27) ( 1 .49) (0.65) (0.33) (0.37) 
5 Low 
Normal 6.60 52.04 59.7 1 -99.79 6.78 1 1 .40 2.02 
(0. 17) ( 1 .55) (3.58) ( 1 .46) (0.5) (0.25) (0.35) 
Hard 5.30 48.86 72.85 -97 .06 7 .50 10.37 2.46 
(2.) (0. 84) ( 1 1 .92) (20. 12) ( 1 .66) ( 1 .37) (0.88) 
Soft 12.49 104.37 156.4 1 -222.34 1 6.01 23.5 1 5 .07 
( 1 .85) (32.33) (24.06) (4.48) (2.08) (0.46) (0.53) 
Medium 
Normal 14.35 84.34 1 40.03 -233. 1 2  1 2.4 1 23.7 1 3 . 1 0  
(0. 84) ( � 8 .61) ( 1 8 .38) ( 1 .9 1) (2. 1 3) ( 1 .) (0.46) 
Hard 13 .42 107 .63 15 1 .76 -227.88 14. 12  23.65 3 .98 
(2.69) ( 1 3 :96) ( 1 5 .49) (8.73) ( l .99) (0.5 1 )  ( 1 .) 
Soft 20.0 1  149.96 239.2 1 -338 .55 22.85 35.37 7.65 
(0.94) ( 1 3 .9) (9.88) (2 .76) (0.67) (0.56) (0.67) 
High 
Normal 18 .94 144.9 1 243 .52 -327. 1 9  22.09 34.70 6.50 
( 1 .4) (25 .42) ( 16.82) ( 15 .92) (2. 1 1 ) (0.98) (2. 1 8) 
Hard 1 8.34 1 80.5 1 257 . 1 3  -332.46 25.39 35 .47 8.53 
(0.9) ( 1 1 ,69) (6.89) . ( 1 3 .45) ( 1 .48) ( 1 .83) (2.63) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 7.47 40.32 50. 19  - 120. 1 8  6.27 12. 1 3  1 .64 
( 1 .27) (7 .94) (3.09) (5 .01 )  ( 1 .98) ( 1 . 1 6) (0.27) 
7 Low 
Normal 8 .09 42.02 53 .99 - 1 2 1 .07 6 .63 13 .09 1 .64 
(0.49) (7.98) (5.) (4.3) (0.48) (0.6) (0.46) 
Hard 6.84 46. 1 8  54. 19 - 1 17 .69 7 .68 12.9 1 1 .66 
(0.68) (6.8 1)  (5.23) (3.73) ( 1 .25) (0.49) (0.29) 
Soft 15 .48 1 06.99 1 34.05 -233 .70 17 . 17  29.40 3 .28 
( 1 .34) (8.92) (6.59) ( 12.85) ( 1 .7) ( 1 .47) (0.67) 
Medium Normal 14.23 96.60 1 29.45 -23 1 .34 
14.54 25 . 1 3 3 .66 
( 1 .87) ( 1 6.68) ( 1 1 .06) (4.38) ( 1 .29) (0.78) (0.43) 
Hard 15 .78 1 03 . 1 7  119. 17 -235 .83 14.49 26.64 3 .66 
( l .67) ( 1 1 .5 1) . (23 . 1 6) (9.23) (2.9 1 )  ( 1 .58) (0.62) 
Soft 2 1 .47 167 .39 220.26 -348.79 24. 1 8  40.66 5 .01  
(3 .01) · ( 1 1 .36) ( 17. 14) (22.67) (2.6 1 )  ( 1 .6) ( 1 .34) 
High 
Normal 23.43 196.08 2 1L74 -369.84 25 .01 42.29 6. 1 6  
(2.45) (20.86) (30.09) ( 1 3 .55) (4.93) (2 .34) (0.86) 
Hard 23 . 1 8  1 7 1 .98 1 87.86 -342.33 20. 14  37.76 5.59 
(2.46) . ( 16.62) (27.48) (22.76) (2.83) ( 1 .7 1 )  . (2. 15) 
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Table 24. (Continued) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV-
Soft 1 1 .53 3 .9 1  48 . 1 1  - 127 . 1 3  2.40 1 1 .97 2.01 
(0.26) (8.6 1 )  ( 1 8.02) (5 .47) ( 1 .09) (0.95) (0.66) 
8 Low Normal · 10.85 1 8.68 36.34 - 1 08 .96 1 .64 10.3 1 2. 1 8  (0.29) ( 1 3 .92) ( 17.28) ( 1 3 .79) ( 1 .07) ( 1 . 1 2) (0.65) 
Hard 1 1 .60 1 8 .44 38.32 - 12 1 .34 2.01 1 1 .35 2.29 
(0.83) (8. 14) ( 19 .27) ( 16 .0 1 )  ( 1 .23) ( 1 .05) (0.64) 
Soft 20. 1 6  56.88 98 .03 -222.04 5 .00 20. 1 6  5.03 
( 1 .5 1) ( 17 .54) (37.2 1) (5 1 .06) (2.44) (5. 1 9) (2.54) 
Medium Normal 1 9.56 57.32 122. 10 -258.34 7 .5 1 23.30 3 .83 (2.38) (3 1 .57) (24.75) (4.65) (2.5) (0.83) ( 1 . 17) 
Hard 2 1 .80 70.58 127.96 -256.4 1 7 .49 25 . 1 8  4. 13  
(0.56) (45.94) (32.59) (34.04) (2.47) (3 .64) ( 1 .3 1) 
Soft 27.26 102.77 178 .36 -362.36 10.59 3 1 .26 6.67 
( 1 .6 1 )  (22.4 1 )  ( 15 .52) (33 .54) ( 1 .58) (2.3) (2.5) 
High Normal 25 .63 129.28 2 12.73 -339.5 1 1 6.24 34.45 7 .39 ( 1 .96) (39.58) (84. 8 1 )  (68.87) (8.2) (8 .4) (3.7) 
Hard 28.28 204.94 283 .73 -392.30 28.42 50.69 6. 10 
(0.61 )  (23.48) (9,28) (20.26) (2.67) (2.88) (2.09) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 12.59 24. 1 6  52.98 - 128.46 5 .66 1 6.69 1 .56 
(0.74) (6.87) (7.43) (3 .5) (0.97) (0.73) (0.27) 
9 Low 
Normal 10.59 28.64 58.92 - 129 .08 8 . 1 8  1 6.33 2.43 
( 1 . 1 2) ( 1 1 .97) (5.5) (5 .69) (0.87) (2.76) (2.88) 
Hard 9.65 32.58 67 .50 - 132.36 9.33 1 6. 8 1  2. 17 
(0.79) (9.5) (4.72) (3 . 1 )  (0.69) ( 1 .42) ( 1 .58) 
Soft 20.92 45 .73 1 38 . 10  -277 .78 14.40 33.33 2.00 
(0.87) (26. 1 5) ( 14.36) (9.25) ( 1 .58) ( 1 .09) (0.35) 
Medium Normal 14.87 93.59 1 68 .04 -270.46 2 1 .28 33 .57 2.57 (3 .29) ( 14.89) ( 15 .56) ( 15 .4 1 )  (2 .72) ( 1 .52) ( 1 .52) 
Hard 15 .44 97. 84 1 69.73 -270.78 2 1 .34 34.37 2.4 1 
( 1 . 3 1) ( 17 . 1 9) (9.03) (9.99) ( 1 .65) (0.64) ( 1 . 12) 
Soft 25 .47 1 38 .5 1 262.35 -409.50 28.45 49.84 4.09 
( 1 .89) ( 1 1 . 1 9) (9.5) ( 17.89) ( 1 .64) ( 1 .73) ( 1 .46) 
High Normal 2 1 . 16 17 1 .55 283. 15 -395 .63 3 1 .53 48.23 4.46 ( 1 .83) (24.4) ( 1 6.91) (24.43) (3.24) (2. 19) ( 1 .64) 
Hard 20.97 214·.76 29 1 .82 -404.02 34.37 49.89 5.44 
(2.67) (19.68) ( 1 1 . 19) (5 .38) (5 .97) (4.57) (4.84) 
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Table 2 4. (Continued) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 6.59 36.40 59.63 - 1 0 1 .93 5 .46 10. 17  1 .86 
( 1 .39) (8 .73) (7.32) (4.9) (0.84) (0.5) (0.5 1)  
10 Low Normal 7.03 4 1 . 86 54.94 - 10 1 .78 4.55 9.97 1 .6 1  (0.8 1 )  (9.87) ( 15 .35) (2.48) ( 1 .3) (0.61)  (0.45) 
Hard 6.60 38 .87 57 .75 - 102.55 5 . 14 10.06 1 .68 
(0.32) (2.52) (2.6) (4.27) (0.59) (0.57) (0.7 1 )  
Soft 12.07 90.5 1 129.66 - 196.30 12.29 20. 1 9  4.2 1 
( 1 .09) (27 .58) (24.89) ( 10.98) (3 .03) (2.42) (0.78) 
Medium Normal 12.55 92.37 1 30.58 -207.99 12.86 2 1 .29 4 . 12  ( 1 . 17) ( 16.58) ( 19.8) ( 1 6.3) (2. 15) ( 1 .6) ( 1 .05) 
Hard 1 3 .37 109 .54 127 .03 -200.23 1 1 .64 20.44 4.59 
(2.35) (8 .93) ( 1 3 .96) (9 .94) (3. 12) (2.0 1 )  ( 1 .22) 
Soft 17 .2 1  - 175.53 209.50 -293.80 17 .34 29.26 5.30 
(2.04) (23 .04) (25 .77) ( 1 8.5 1)  (2.84) ( l .86) (2. 14) 
High Normal 1 8.4 1 142.34 197 .28 -297 .75 1 8.57 30.29 6.66 (2.75) (33 . 1 3) (26.97) ( 1 1 .92) (2.68) ( 1 .4 1) ( 1 .8) 
Hard 1 8.40 146.69 1 89.77 -289.58 1 8 . 14 29.98 6.59 
( 1 .32) (2 1 . 13) (24.68) ( 15 .79) (2.9) ( 1 .7 1) ( 1 .63) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 6. 1 8  39.27 57.05 -99.40 4.94 9.48 1 .65 
(0.68) (6.38) (9.44) (6.69) ( 1 .02) (0.7) (0. 1 8) 
1 1  Low Normal 6.5 1 52.66 56. 17  - 104.84 5 . 1 8  10.38 1 .3 1  ( 1 .06) (7 .42) (6.56) ( 1 .88) ( 1 .02) (0.46) (0.25) 
Hard 6.50 42.49 63.30 - 1 12.95 6.76 1 1 .59 1 .72 
( 1 .29) (4.59) (4.27) (2.08) ( 1 .27) (0.64) (0. 1 9) 
Soft 12.43 125 .25 144.29 -220.53 12.85 23 .25 2.05 
( 1 .02) (9. 12) ( 14. 1 1 ) ( 10.37) (2.49) (2.0 1)  (0.89) 
Medium Normal 1 3 .26 120. 1 9  1 29 .49 -206.7 1 9.97 20.58 2.67 ( 1 .64) ( 10.9 1 )  ( 1 8 .8) ( 1 1 .94) (2.38) ( 1 .48) (0.8) 
Hard 1 1 . 17 129.60 159.83 -226.24 1 8.34 25.92 3 .64 
(0.97) ( 12.52) ( 17 .0 1 )  ( 10.62) ( 1 .98) (2. 1 )  (0.56) 
Soft 19.72 196.38 235 .25 -334.55 19.60 35 .47 3 .89 
(0.9) ( 14.7 1)  (2 1 . 1 8) (9.46) (3 .06) (2.09) ( l .7 1) 
High Normal 19.78 205 .07 2 17 .03 .. -323 .32 15 .84 32.68 2.97 (0.56) (27 .84) (32)8) ( 19 .29) (3.35) (3 .64) (0.7 1)  
Hard 19. 1 8  206. 1 8  252.20 -347.37 22. 19 37 .95 3.50 
(0.82) ( 12.37) (8.09) (5 . 1 1 ) ( 1 .34) ( 1 . 12) (0.6 1 )  
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Table 2 4. (Continued) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 6.87 60.01 69 .24 - 129 . 1 2  10.58 1 5 .38 2. 1 1  
( 1 .75) (6.43) (4. 1 9) (7 .49) ( 1 .57) ( 1 .) (0.4 1 )  
12  Low Normal 6 . 14 50. 1 3  66.88 - 125 .08 1 1 .3 1 15 .53 1 .94 (0.93) (2.57) (6.64) (2.99) ( 1 .09) (0.38) (0.28) 
Hard 6. 8 1  47.86 62.93 - 122.56 1 0.74 1 5 .48 2.07 
( 1 .58) (5.6) (3.77) (5 .76) ( 1 .7 1 )  (0.64) (0. 17) 
Soft 1 7. 1 3  1 6 1 .77 179.67 -260.94 20. 14 33 .3 1 3 .97 
(2. 14) ( 10.09) (2.48) ( 12.72) (2.2) (2.08) ( 1 .45) 
Medium Normal 14. 8 1  1 39. 12  177 .34 -257 .42 22.03 32.90 3 .89 ( 1 .3) ( 12.78) (8 . 17) (9.95) ( 1 .26) (0. 1 9) (0.65) 
Hard 16.24 1 33 . 1 7  174 .34 -25 1 .38 19 .8'1 3 1 .05 5 .02 
( 1 . 1 ) ( 1 1 .62) (6.9 1 )  (9.67) ( 1 . 34) ( 1 .05) (0.2 1) 
Soft 24.65 225 .85 289 .33 -385.76 32.94 50.40 7 . 1 1  
( 1 .48) ( 19 .09) (27 .) ( 12.09) (3 .09) (2.42) ( 1 .65) 
High Normal 22.92 2 1 1 . 8 1  277.97 -384.32 32.76 49.29 6 .42 ( 1 .78) (20. 17) (22. 1 1 ) ( 1 2.22) (4.) (2.49) (0.74) 
Hard 23.76 226.8 1  294.98 -386.88 3 1 .87 47 .98 7 .69 
(2.67) (22.87) <n.) (29.35) (3.29) ( 1 .9) ( 1 .06) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 7 .72 84. 10  92 .90 - 127.30 8 .77 1 3 . 1 0  3 .43 
(0.79) ( 14.94) ( 1 3 .61 )  (4.85) ( 1 .6) (0.87) (0.41) 
13 Low Normal 8 .40 84.79 9 1 .02 - 127 .99 8 . 14  1 3 .03 3 .54 (0.9 1 )  (3.78) (5.59) ( 1 .89) (0.96) (0.45) (0.4) 
Hard 9 .09 86.95 93 .55 - 127.85 8 .49 1 4.02 3 .59 
( 1 .69) (6.67) (2.24) (2.2) ( 1 .6) (0.5) (0. 17) 
Soft 12.82 173 .08 206.4 1 -260.58 20.69 26.77 6 .8 1 
( 1 .26) ( 13 .9 1 )  ( 12.99) ( 1 1 .44) ( 1 .55) ( 1 .3 1) (0.72) 
Medium Normal 14.96 1 84.48 208 . 1 1 -260.38 1 8 .7 1  26.35 7 .40 (0.93) ( 1 8 .76) (28 .43) (9.42) (2.57) ( 1 .2 1 )  (0.78) 
Hard 14.75 1 85 .43 208 .72 -252.06 2 1 .03 29.42 6.44 
( 1 .22) (9. 1 )  (4.78) (7 . 1 3) ( 1 .9) ( 1 .5 1 ) ( 1 . 1 ) 
Soft 20.50 270.72 ' 3 14.00 -396.25 26.77 38 .44 8 .89 
( 1 .93) (7. 82) (9.65) (7 .9) ( 1 . 1 2) (0.86) ( 1 .08) 
High . Normal 2 1 .58 264.2 1 , 299.04 -388.26 27. 10 39.8 1 8 .92 . (0.62) (2 1 .8)  (23.45) · ( 1 1 .6 1 )  ( 1 .35) ( 1 .23) (0.72) 
Hard · 22.37 279.07 326.33 -367. 1 1  3 1 .06 44.02 9.47 
(4.25) (2 1 .38) (20.92) (9.54) . (4.38) ( 1 .8 1) ( 1 .i2) 
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Table 2 4. (Continued) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 10.90 65 .22 80.61 - 157. 1 3  7.76 15 .84 2.82 
( 1 .02) (4.23) (9.4) (4.3 1 )  ( 1 . 17) ( 1 .77) (2.43) 
14 Low Normal 1 1 .48 56.40 7 1 .99 - 154.54 6.30 15 .90 1 .87 (0.82) (8.37) (8.68) (2.45) ( 1 .03) (0.88) ( 1 .45) 
Hard 1 1 .60 5 1 .26 70.58 - 154.92 5 .98 1 6. 1 2  1 .46 
(0.68) (9 .05) ( 10. 1 8) (6.22) ( 1 . 1 )  ( 1 .03) (0.37) 
Soft 18 . 19 164.58 22 1 .87 -3 15 .8 1 24.62 38 .3 1 4.50 
( 1 .45) ( 1 8.24) ( 1 8 .05) ( 10.29) (3 .35) (2.07) ( 1 .22) 
Medium Normal 20.21 1 3 1 .23 1 83. 1 8  -309.24 16 . 19  33 . 1 6  3 .25 ( 1 .08) (7. 1 8) ( 14.37) (7.29) ( 1 .7) ( 1 .6) ( 1 . 1 1 )  
Hard 21 .70 1 15 .73 1 60.22 -307.63 1 3 .65 32.84 2.52 
(0.95) (2 1 .07) ( 15 .4 1) (4.8 1 )  (2.2 1 )  (2.3) ( 1 .08) 
Soft 27 .79 268 .38 353.79 -483 .72 42.07 62.77 7.09 
( 1 .64) ( 16.24) (9°.39) (33 .04) (2.77) (3. 1 1 ) (2.09) 
High Normal 28 .29 173 .09 302.76 -478.09 27.62 52.40 3.52 (2.53) (36.82) (43 .65) ( 1 3 .72) (6.36) (3 . 15) ( 1 . 19) 
Hard 28. 1 6  1 94. 10 301 .72 -477.78 28.2 1 5 1 . 1 9  5 . 1 8  
( 1 . 19) (20.36) ( 12. 1 5) ( 14.5 1 )  ( 1 . 8 1 )  (2.27) ( 1 .49) 
SubjeGt Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 8.40 55 .26 75.63 - 1 2 1 .68 9.00 1 3 .89 3.54 
( 1 . 16) (6.87) (5.65) (3 .09) (0.59) (0.64) (0.34) 
15 Low Normal 10.24 50.05 66.57 - 123 .60 6.9 1 15 . 1 1 2 .05 (0.72) ( 12.35) (5 .47) ( 1 .89) (0.98) . ( 1 .02) (0.5) 
Hard 9.70 48.00 68 .02 - 125 .83 6.77 1 3 .97 2.52 
(0.76) (8 .48) (5 .67) (3.3) (0.97) (0.97) (0.92) 
Soft 17 .66 140.04 1 80.07 -254. 1 1  1 8.30 28.60 7.47 
( 1 .02) ( 12.23) (5.95) ( 1 3 .32) (2. 13)  (0.99) (0.97) 
Medium Normal · ·  1 8 .43 124.89 1 62.46 -248.99 1 6.57 30.24 4.79 ( 1 .49) ( 1 9.86) ( 14.9 1 )  ( 12.97) (2.04) ( 1 . 32) (0.93) 
Hard 17 . 17  1 33 .62 173 .64 -25 1 .95 17 .45 29.37 5 .34 
( 1 . 1 1 ) (6. 1 8) (9.63) (9.65) ( l .67) (2.25) (2.4) 
Soft 26.87 220.50 292.26 -388.96 27.9 1 43.56 1 1 .30 
( l ._62) ( 17.69) (9.33) ( 16.07) (2.5) ( 1 .96) ( 1 .03) 
High Normal 26.74 224.79 262.32 -397 . 1 6  26.23 45 .33 7.69 
. (2.) ( 14,.76) (6.47) (28.05) ( 1 .43) (2.26) (2.66) 
Hard 25 .27 227.76 290.2 1 -386.09 28.34 46. 17  7 .61  
(2.02) ( 1 8.5) ( 13 .37) ( 1 1 .73) (3 .2) ( l .87) (2.4 1 )  
124 
Table 2 4. (Continued) 
Subject Drop Height Midsole CA CV LMax JMax LROM JROM TOV 
Soft 8.3 1 19. 8 1  43 .56 -88.50 4. 17  1 i .52 0.96 
( 1 .06) (5.86) (9.4 1 )  (2.04) ( 1 .07) (0.54) (0.26) 
16 Low Normal 8.67 18 .42 4 1 .56 -88 .05 4.07 1 1 . 89 0.85 ( 1 . 1 8) (9.7) (9.98) (4.05) ( 1 .28) (0.2) (0. 19) 
Hard 7.57 13 . 10 34.52 -86.95 2.70 9.42 0.83 
(0.53) ( 19.) (6.62) (7 .96) (0.96) ( 1 .34) (0.47) 
Soft 17.02 50.63 96.38 - 1 74.96 10.20 24.68 2.55 
(3 .2) ( 1 3 .92) (23 .23) (8 .94) (3.04) ( 1 .55) ( 1 . 1) 
Medium Normal 16.73 41 .70 92. 12  - 1 9 1 .67 8 .45 24.08 1 . 10 ( 1 .29) ( 18 .59) ( 1 1 .33) (8.98) ( 1 .47) (0_. 87) (0.5) 
Hard 16.48 44.50 80.56 - 192.39 7 .20 22.22 1 .47 
(0.88) ( 1 3 .2 1 )  (6.42) (7.5 1 ) (0.73) (0.9) ( 1 .07) 
Soft 23.47 108.50 173.24 -28 1 .22 1 8 .92 40. 17  2.23 
(4.33) (29.95) (28 .22) ( 16.48) (3 .67) ( 1 .45) ( 1 .04) 
High Normal 25.04 70.35 158 .25 -282.8 1 15 .43 38 . 15  2.33 (3 .29) ( 14.57) (26.5) (7.4 1 )  (2.5 1 )  (0.77) (0.96) 
Hard 20.47 93.07 15 1 .24 -267.04 14. 12  29.93 4.67 
(3 .62) (25 .84) (37.78) (25 .75) (4.44) (3 .85) (2.93) 
Note: CA = joint displacement at contact, CV = angular velocity at contact, IJJmaxv = maximal angular 
velocity during land/jump phases, IJJROM = range of angular displacement during land/jump phases, TOV 
= angular takeoff velocity. CA, ROM values in deg, velocity values in deg/s. Standard deviation values in-
parenthesis. 
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APPENDIX F 
JOINT KINETICS 
1 26 
Table 25. Grand mean and standard deviation for landing joint kinetic data. 
Work %contribution 
DroE Height Midsole Ankle Knee me Total Ankle Knee Hie 
Soft -0. 1 8  -0.30 -0. 19  -0.67 0.28 0.45 0.27 
(0. 1 0) (0. 1 3) (0. 1 1 ) (0.23) (0. 1 3) (0. 1 0) (0. 1 2) 
Low Normal -0. 1 8  -0.29 -0. 1 6  -0.63 0.30 0.46 · 0.23 
(0. 1 1 ) (0. 1 3) (0. 1 2) (0.25) (0. 15) (0. 1 1 ) (0. 1 3) 
Hard -0. 19  -0.30 -0. 1 6  -0.65 0.3 1 0.46 0.23 
(0. 1 2) (0. 1 3) (0. 1 1 ) (0.26) (0. 14) (0.09) (0. 12) 
Soft -0.49 -0.8 1 -0.50 - 1 . 80 0.29 0.44 0.27 
(0.23) (0.35) (0.32) (0.60) (0. 1 3) (0.09) (0. 1 3) 
Medium Normal -0.5 1 -0.78 -0.42 - 1 .72 0.3 1 0.45 0.23 
(0.28) (0.32) (0.29) (0.64) (0. 12) (0.08) (0. 1 2) 
Hard -0.50 -0.78 -0.46 - 1 .75 0.30 0 .45 0.25 
(0.27) (0.28) (0.30) (0.59) (0. 12� (0.09) (0. 1 3) 
Soft -0.77 - 1 .34 -0.82 -2.93 0.28 0.44 0.28 
(0.69) (0.97) (0.73) (2.07) (0. 12) (0. 10) (0. 1 3) 
High Normal -0.89 - 1 .44 -0.87 -3 . 19  0.28 0.45 0.26 
(0.52) (0.54) (0.5 1)  ( 1 .05) (0. 1 1 ) (0.09) (0. 12) 
Hard -0.85 - 1 .60 - 1 .03 -3 .47 0.25 0.46 0.28 
(0.46) (0.60) (0.63) ( 1 . 14) (0. 1 1 )  (0. 1 0) (0. 1 3) 
Note: Work values in Jm/kg. 
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Table 26. Group mean and standard deviation for landing joint kinetic data. 
Work %contribution 
Groue Droe Height Midsole Ankle Knee me Total Ankle Knee Hie 
Soft -0. 17 -0.35 -0.2 1 -0.74 0.25 0.48 0.28 
(0. 1 1 ) (0. 12) (0. 1 3) (0.2 1 )  (0. 13) (0. 10) (0. 1 3) 
Low Low Normal -0. 17 -0.32 -0. 15 -0.64 0.29 0.5 1 0.20 
(0. 1 3) (0. 12) (0. 1 3) (0.23) (0. 17) (0. 10) (0. 1 3) 
Hard -0. 19  -0.3 1 -0. 14 -0.64 0.30 0.49 0.20 
(0. 14) (0. 1 1 ) (0. 1 1 )  (0.23) (0. 15) (0.09) (0. 12) 
Soft · -0.54 -0.93 -0.50 - 1 .97 0.29 0.47 0.24 
(0.26) (0.36) (0.34) (0.58) (0. 13) (0.09) (0. 12) 
Medium Normal -0.54 -0.88 -0.43 - 1 .85 0.30 0.48 0.22 
(0.33) (0.27) (0.32) (0.54) (0. 14) (0.08) (0. 1 3) 
Hard -0.5 1 -0.82 -0.43 - 1 .76 0.30 0.48 0.23 
(0.3 1 )  (0.24) (0.32) (0.52) (0. 14) (0.08) (0. 14) 
Soft -0.78 - 1 .4 1  -0.62 -2.80 0.30 0.47 0.23 
(0.92) ( 1 .26) (0.84) (2.7 1 )  (0. 1 1 ) (0. 10) (0. 1 1 ) 
High Normal -0.94 - 1 .53 -0.78 -3 .26 0.29 0.48 0.24 
(0.66) (0.58) (0.56) ( 1 . 1 8) (0. 1 3) (0.08) (0. 1 3) 
Hard -0.95 - 1 .76 -0.89 -3.60 0.28 0.49 0.23 
(0.56) (0.65) (0.62) ( 1 . 17) (0. 14) (0. 1 1) (0. 12) 
Work %contribution 
Groue Droe Height Midsole Ankle Knee HiE Total Ankle Knee me 
Soft -0. 1 8  -0.25 -0. 16  -0.59 0.32 0.42 0.26 
(0.08) (0. 1 1 ) (0. 10) (0.23) (0. 12) (0.09) (0. 12) 
High Low Normal -0. 19  -0.29 -0. 19  -0.67 0.32 0.42 0.26 
(0.09) (0. 1 8) (0. 1 6) (0.38) (0. 1 3) (0. 10) (0. 13) 
Hard -0.20 -0.28 -0. 1 8  -0.66 0.32 0.42 0.26 
(0. 10) (0. 15) (0. 10) (0.3 1 )  (0. 12) (0.08) (0. 12) 
Soft -0.42 -0.66 -0.50 - 1 .58  0.29 0.4 1 0.30 
(0. 17) (0.29) (0.28) (0.58) (0. 12) (0.09) (0. 14) 
Medium Normal -'0.50 -0.73 -0.45 - 1 .67 0.32 0.43 0.25 
(0.2 1 )  . (0.38) (0.32) (0.80) (0.09) (0.06) (0. 1 1 ) 
Hard -0.49 ·-o.74 -0;5 1 - 1 .74 0.29 0.43 0.28 
(0.22) (0.32) (0.26) (0.67) (0. 10) (0.08) (0. 12) 
Soft -0.76 -- 1 .26 - 1 .04 -3 .07 0.26 0.4 1 0.33 
(0.27) (0.5 1) (0.52) (0.95) (0. 12) (0.09) (0. 1 3) 
High Normal -0.79 - 1 .28 -0.9 1 -2.98 0.28 0.43 0.30 
(0.30) (0.54) (0.46) ( 1 .05) (0.09) (0.08) (0. 1 1 ) 
Hard -0.74 _ _:- 1 .42 - 1 . 1 8  -3 .33 0.23 0.43 0.34 
(0.3 1 )  (0.50) (0.62) ( 1 .1 0) (0.07) (0.07) (0. 12) 
Note: Work values in Jm/kg. 
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Table 27. Subject mean and standard deviation for landing joint kinetic data. 
Work %Contribution 
Subject Droe Height Midsole Ankle Knee Hie Total Ankle Knee HiE 
Soft -0. 13  -0.20 -0.22 -0.55 0.24 0.36 0.40 
(0.03) (0.04) (0.07) (0.09) (0.07) (0.03) (0.07) 
1 Low Normal -0. 12 -0. 15  -0.03 -0.3 1 0.42 0.48 0. 10  
(0.02) (0.04) (0.02) (0.06) (0.09) (0.05) (0.06) 
Hard -0. 16 -0. 15 -0.05 -0.35 0.46 0.42 0. 12 
(0.01 )  (0.03) (0.03) (0.05) (0.07) (0.03) (0�06) 
Soft -0.46 -0.59 -0.4 1 - 1 .46 0.32 0.4 1 0.28 
(0.07) (0.08) (0. 1 1 ) (0. 19) (0.06) (0.02) (0.06) 
Medium Normal -0.38 -0.53 -0.20 - 1 . 1 1 0.38 0.44 0. 1 8  
(0.08) (0.25) (0.08) (0.39) (0. 14) (0. 12) (0.03) 
Hard -0.46 -0.50 -0.26 - 1 .23 0.39 0.40 0.2 1 
(0.03) (0. 1 )  (0. 1 )  (0. 17) (0.09) (0.04) (0.06) 
Soft -0.76 - 1 .20 -0.9 1 -2.89 0.27 0.4 1 0.32 
(0. 17) (0.2) (0. 14) (0.3 1 )  (0.06) (0.04) (0.04) 
High 
Normal -0.61  - 1 .06 -0.30 - 1 .97 0.32 0.53 0. 15 
(0. 14) (0.27) (0.09) (0.23) (0.09) (0.07) (0.03) 
Hard -0.85 -0.86 -0.50 -2.2 1 0.39 0.40 0.2 1 
(0. 15) (0. 16) (0.34) (0.4 1 )  (0.07) (0.08) (0. 1 1 ) 
Work %Contribution 
Subject Droe Height Midsole Ankle Knee me Total Ankle Knee Hie 
Soft -0. 1 9  -0.33 -0. 1 6  -0.68 0.28 0.49 0.23 
(0.03) (0.05) (0.04) (0.08) (0.04) (0.06) (0.03) 
2 Low Normal -0. 12 -0.3 1  -0.09 -0.53 0.23 0.59 0. 1 8  
(0.04) (0.03) (0.02) (0.05) (0.07) (0.09) (0.03) 
Hard -0. 14 -0.28 -0. 12 -0.54 0.25 0.52 0.23 
(0.02) (0.02) (0.03) (0.05) (0.03) (0.05) (0.03) 
Soft -0.39 -0.90 -0.34 - 1 .63 0.24 0.55 0.2 1 
(0.04) (0.04) (0.06) (0.09) (0.02) . (0.03) (0.03) 
Medium Normal -0.40 -0.78 -0.3 1 - 1 .49 0.27 0.52 0.2 1 
(0.03) (0. 1 )  (0.07) (0. 17) (0.03) . (0.0 1 )  (0.02) 
Hard .:.o.32 -0.78 -0.28 - 1 .38 0.23 0.56 0.2 1 
(0.07) (0. 1 1 ) (0.01)  (0. 15) (0.03) (0.03) (0.02) 
Soft -0.87 - 1 .54 -o.·so -3 .22 0.27 . · o.48 0.25 
(0. 15) (0.2 1 )  (0. 1 1 ) (0. 19) (0.04) (0.06) (0.03) 
High 
Normal -0.78 - 1 .5 1  -0.73 -3-.03 0.26 0.50 0.24 
(0.09) (0. 1 6) (0. 19) (0.35) (0.03) (0.03) (0.04) 
Hard -0.67_. - 1 .36 -0.65 -2.69 0.25 0.5 1 0.24 
{0.2 1 )  (0.23) (0. 14) {0.4) (0.05) (0.04) (0.05) 
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Table 27. (Continued) 
Work %Contribution 
Subject Dro:e Height Midsole Ankle Knee Hi:e Total Ankle Knee Hi:e 
Soft -0.44 -0.37 -0.09 -0.90 0.49 0.4 1 0. 10 
(0.08) (0.05) (0.03) (0. 12) (0.07) (0.04) (0.03) 
3 Low Normal -0.48 -0.3 1 -0.05 -0.84 0.57 0.37 0.06 
(0. 12) (0.06) (0.03) (0. 18) (0.04) (0.04) (0.03) 
Hard -0.50 -0.39 -0.09 -0.97 0.5 1 0.40 0.09 
(0. 14) (0.08) (0.04) (0.04) (0. 14) (0. 1 )  (0.04) 
Soft - 1 . 14 -0.88 -0.22 -2.24 0.52 0.38  0.09 
(0. 1 3) (0.27) (0. 1 1) (0.38) (0. 1 )  (0.06) (0.04) 
Medium Normal - 1 .30 -0.96 -0.20 -2.45 0.53 0.39 0.08 
(0.2 1)  (0.25) . (0.07) (0.42) (0.07) (0.05) (0.02) 
Hard - 1 .23 -0.98 -0.22 -2.42 0.5 1 0.40 0.09 
(0.27) (0.26) (0. 16) (0.34) (0. 1 1 ) (0.06) (0.05) 
Soft -2. 19  - 1 .79 -0.39 -4.38 0.5 1 0.40 0.09 
(0.23) (0.43) (0. 13) (0.64) (0.07) (0.05) (0.02) 
High Normal -2.65 - 1 .87 -0.50 -5.03 0.53 0.37 0. 10 
(0.38) (0.25) (0. 14) (0.2 1)  (0.07) (0.06) (0.02) 
Hard -2. 10 -2.05 -0.6 1 -4.77 0.44 0.43 0. 1 3  
(0. 18) (0.4) (0.05) (0.49) (0.04) (0.04) (0.0 1 )  
Work %Contribution 
Subject Dro:e Height Midsole Ankle Knee Hi:e Total Ankle Knee Hi:e 
Soft -0. 13  -0.42 -0.42 -0.97 0. 14 0.44 0.43 
(0.02) (0.06) (0. 1 1 ) (0. 1 1 ) (0.02) (0.06) (0.08) 
4 Low Normal -0. 10 -0.49 -0.36 -0.94 0. 10  0.53 0.37 
(0.07) (0.09) (0. 15) (0.24) (0.05) (0. 1 1 ) (0.07) 
Hard -0. 1 3  -0.43 -0.30 -0.86 0. 14 0.5 1 0.34 
(0.07) (0.09) (0. 12) (0.2) (0.06) (0. 12) (0. 1 1 ) 
Soft -0.36 - 1 . 17 - 1 .22 -2.75 0. 14 0.43 0.43 
(0.2 1)  (0.28) (0.4 1 )  (0.48) (0. 1 )  (0.07) (0.06) 
Medium Normal -0.27 - 1 .22 - 1 .04 -2.53 0. 1 1  0.48 0.41 
(0.08) (0. 1 8) (0. 12) (0.22) (0.03) (0.04) (0.04) 
Hard · -0.34 - 1 .02 -0.9 1 -2.28 0. 15 0.45 0.40 
(0.03) (0.26) (0. 19) (0.28) (0.02) (0.09) (0.08) 
· Soft -0.85 -2. 16 - 1 .72 -4.80 0. 19 0.46 0.35 
(0 .3 1) (0.55) (0.63) (0.44) (0.05) (0. 15) (0. 1 1 ) 
High Normal -0.40 -2.45 - 1 .79 -4.64 0.09 0.53 0.38 
(0.04) (0.2 1)  (0.39) (0.26) (0.01)  (0.06) (0.07) 
Hard -0.37 -2.74 - 1 .67 -4.78 0.07 0.60 0.33 
(0.24) (0.41 )  (0.74) ( 1 .27) (0.04) (0. 14) (0. 1 )  
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Table 27 . (Continued) 
Work %Contribution 
Subject DroE Height Midsole Ankle Knee HiE Total Ankle Knee HiE 
Soft -0.08 -0.27 -0.27 -0.62 0. 14 0.43 0.43 
(0.01) (0.04) (0.03) (0.05) (0.03) (0.04) (0.03) 
5 Low Normal -0. 10 -0.25 -0.32 -0.67 0. 15 0.38 0.48 
(0.92) (0.0 1)  (0.03) (0.04) (0.03) (0.03) (0.02) 
Hard -0.08 -0.3 1 -0.33 -0.72 0. 1 1  0.44 0.46 
(0.0 1)  (0.06) (0.03) (0.06) (0.02) (0.04) (0.05) 
Soft -0.3 1  -0.7 1 -0.67 - 1 .69 0. 1 8  0.42 0.40 
(0.07) (0. 12) (0. 1 1 ) (0. 1 3) (0.03) (0.07) (0.04) 
Medium 
Normal -0.35 -0.57 -0.56 - 1 .48 0.24 0.39 0.38 
(0.05) (0.07) (0. 14) (0.23) (0.03) (0.03) (0.04) 
Hard -0.33 -0.68 -0.62 - 1 .63 0.2 1 0.4 1 0.38 
(0.05) (0. 1 )  (0. 1 )  (0. 15) (0.04) (0.04) (0.03) 
Soft -0.56 - 1 . 19 - 1 .23 -2.99 0. 19 0.40 0.4 1 
(0.07) (0.06) (0. 1 3) (0. 1 8) (0.02) (0.02) (0.02) 
High Normal -0.64 - 1 .07 - 1 . 14 -2.85 0.22 0.38 0.40 
(0.09) (0.08) (0. 14) (0. 16) (0.04) (0.02) (0.03) 
Hard -0.62 - 1 .33 - 1 . 3 1  -3.26 0. 19 0.4 1 0.40 
(0.06) (0. 12) (0.05) (0.09) (0.022 (0.03) (0.02) 
Work %Contribution 
Subject Droe Height Midsole Ankle Knee HiE Total Ankle Knee HiE 
Soft -0. 17 -0. 1 8  -0. 19 -0.54 0.32 0.34 0.34 
(0.05) (0.04) (0. 1 )  (0. 1 8) (0.07) (0.06) (0.09) 
7 Low Normal -0. 19 -0. 17 -0.25 -0.60 0.3 1  0.28 0.40 
(0.0 1)  (0.03) (0.08) (0.07) (0.04) (0.06) (0.09) 
Hard -0.22 -0. 17 -0. 19 -0.58 0.38 0.29 0.33 
(0.03) (0.04) (0.02) (0.06) (0.05) (0.04) (0.01)  
Soft -0.43 -0.5 1 -0.89 - 1 .83 0.23 0.28 0.48 
(0.03) (0.03) (0. 15) (0. 19) (0.02) (0.03) (0.03) 
Medium Normal -0.37 -0.47 -0.56 - 1 .4 1  0.27 0.34 0.40 
(0.07) (0.06) (0. 1 1 ) (0.2 1)  (0.03) (0.02) (0.03) 
Hard · -0.45 -0.43 -0.55 - 1 .43 0.32 . - 0.30 0.38 
(0.05) (0.02) (0. 1 )  (0. 1 )  (0.04) · (0.03) (0.05) 
Soft -0.63 -0.8 1  -1 .7 1  -3 .20 0.2 1 0.26 0.53 
(0. 1 )  (0.06) (0.29) (0.28) (0.03) (0.03) (0.05) 
High Normal -0.60 -0.92 - 1 .5 1  -3 .02 0.20 0.30 0.50 
(0. l) (0. 1 6) (0.24) (0.43) (0.02) (0.03) (0.02) 
Hard -0.63 _ -0.92 - 1 .03 -2.58 0.25 0.36 0.39 
(0. 1 )  (0.04) (0.3 1)  (0.29) (0.06) (0.04) (0.08) 
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Table 27 .  (Continued) 
Work %Contribution 
Subject DroE Height Midsole Ankle Knee HiE Total Ankle Knee HiE 
Soft -0. 1 6  -0. 17 -0.04 -0.38 0.44 0.43 0. 12 
(0.05) (0.09) (0.0 1 )  (0.08) (0. 14) (0. 1 9) (0.07) 
8 Low Normal -0. 12 -0. 1 1  -0.02 -0.25 0.52 0.38 0. 10  
(0.03) (0.09) (0.0 1 )  (0.09) (0. 17) (0. 1 8) (0.06) 
Hard -0. 14 -0. 1 3  -0.02 -0.29 0.48 0.4 1 0. 12 
(0.08) (0.07) (0.02) (0. 1 3) (0. 1 1 ) (0. 1 1 ) (0. 1 1 ) 
Soft -0.40 -0.32 -0.06 -0.78 0.54 0.39 0.07 
(0. 1 2) (0. 1 9) (0.03) (0.3 1 )  (0. 1 )  (0. 1 1 ) (0.02) 
Medium Normal -0.45 -0.47 -0.07 -0.99 0.45 0.48 0.08 
· (0. 1 5) (0.09) (0.05) (0.2) (0.09) (0.06) (0.05) 
Hard -0.4 1 -0.53 -0. 1 3  - 1 .07 0.40 0.49 0. 10 
(0.2) (0. 1 8) (0. 15) (0.29) (0. 1 8) (0. 1 1 ) (0. 1 1 ) 
Soft -0.92 -0.67 -0.20 - 1 . 8 1  0.52 0.37 0. 1 1  
(0. 1 9) . (0. 1 1 ) (0.06) (0.26) (0.05) (0.05) (0.03) 
High Normal -0.97 -0.95 -0.4 1 -2.33 0.44 0.39 0. 17 
(0. 14) (0.46) (0.2 1)  (0.76) (0. 1 1 ) (0.09) (0.04) . 
Hard -0.43 - 1 .62 -2.25 -4.30 0. 10  0.38 0.52 
(0. 1 2) (0.22) (0.47) (0.36) (0.03) (0.07) (0.08) 
Work %Contribution 
Subject DroE Height Midsole Ankle Knee HiE Total Ankle Knee HiE 
Soft -0.22 -0.42 -0. 1 8  -0.82 0.27 0.5 1 0.22 
(0.03) (0.04) (0.03) (0.04) (0.05) (0.03) (0.03) 
9 Low Normal -0.30 -0.50 -0.22 - 1 .02 0.29 0.49 0.2 1 
(0.03) (0.06) (0.05) (0. 1 1 ) (0.03) (0.03) (0.02) 
Hard -0.30 -0.52 -0.27 - 1 . 10 0.27 0.48 0.25 
(0.04) (0.04) (0.07) (0. 1 )  (0.02) (0.06) (0.04) 
Soft -0.54 - 1 .06 -0.45 -2.04 · 0.26 0.52 0.22 
(0. 1 1 ) (0. 1 6) (0. 1 )  (0.2) (0.05) (0.03) (0.05) 
Medium Normal -0.72 - 1 .24 -0.62 -2.58 0.28 0.48 0.24 
(0. 17) (0. 13) (0.09) (0.25) (0.04) (0.06) (0.03) 
Hard -0.80 - 1 .24 . -0.69 -2.73 0.29 0.45 0.25 
(0.08) (0.23) (0.06) (0.28) (0.03) (0.05) (0.02) 
Soft -0.97 -2.03 - 1 .02 -4.0 1 0.24 0.5 1 0.25 
(0. 1 2) (0. 1 )  (0.08) (0.07) (0.03) (0.03) (0.02) 
High Normal - 1 .00 -2.07 - 1 .09 -4. 1 6  0.24 0.50 0.26 
(0. 1 2) (0.2) (0. 1 3) (0. 16) (0.03) (0.04) (0.03) 
Hard - 1 . 10 -2.17 - 1 .33 -4.60 0.24 0.47 0.29 
(0. 1 8) (0.54) (0.26) (0.69) (0.03) (0.07) (0.07) 
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Table 27. (Continued) 
Work %Contribution 
Subject Droe Height Midsole Ankle Knee me Total Ankle Knee me 
Soft -0. 1 3  -0. 16 -0.04 -0. 34 0.38 0.48 0. 1 3  
(0.04) (0.04) (0.03) (0.06) (0.06) (0. 12) (0. 1 )  
10 Low Normal -0. 15  -0. 19  -0.03 -0.37 0.42· 0.50 0.08 
(0.03) (0.04) (0.03) (0.07) (0. 1)  (0.04) (0.06) 
Hard -0. 14 -0. 1 9  -0.03 -0.36 0.38 0.54 0.07 
(0.04) (0.03) (0.0 1) (0.06) (0.06) (0.05) (0.03) 
Soft -0.47 -0.6 1 -0. 1 1  - 1 . 1 8  0.40 0.5 1 0.08 
(0.07) (0. 12) (0.09) (0.2) (0.07) (0.03) (0.05) 
Medium NofPlal -0.49 -0.72 -0.08 - 1 .29 0.39 0.55 . 0.06 
(0.06) (0. 1 8) (0.03) (0.21)  (0.07) (0.05) (0.02) 
Hard -0.42 -0.6 1 -0.08 - 1 . 1 1  0.39 0.55 0.06 
(0. 13) (0.23) (0.06) {0.38) (0.07) (0.04) (0.03) 
Soft -0.82 - 1 . 19 -0. 16  -2. 15  0.37 0.55 0.07 
(0. 1 5) (0. 17) (0.05) (0. 34) (0.04) (0.04) (0.0 1 )  
High Normal -0.96 - 1 . 1 9  -0. 15  -2.29 0.42 0.52 0.06 
(0.2 1 )  (0.22) (0.07) (0.47) (0.02) (0.04) (0.02) 
Hard -0.83 - 1 .24 -0.23 -2.29 0.35 0.55 0. 10 
(0.39� (0.3) (0.08) (0.29) (0. 14) (0. 1 6) (0.03) 
Work %Contribution 
Subject Droe Height Midsole Ankle Knee Hie Total Ankle Knee Hie 
Soft -0. 14 -0. 17  -0.08 -0.38 0.38 0.44 0. 1 8  
(0.03) (0.06) (0.06) (0.08) (0. 1 5) (0.09) (0. 1) 
1 1  Low Normal -0. 15  -0. 19  -0.07 -0.4 1 0.38 0.46 0. 16 
(0.03) (0.03) (0.03) (0.07) (0.06) (0.03) (0.06) 
Hard -0. 12 -0.28 -0.20 -0.59 0.20 0.47 0.33 
(0.04) (0.02) (0.06) (0.09) (0.05) (0.04) (0.06) 
Soft -0.34 -0.60 -0.33 - 1 .28 0.27 0.47 0.26 
(0.06) (0. 12) (0. 1 1 ) (0.26) (0.05) (0.03) (0.05) 
Medium 
Normal -0.4 1 -0.44 -0. 19  - 1 .04 0.40 0.42 0. 1 8  
(0.09) (0.08) (0.08) (0.23) (0.03) (0.05) (0.05) 
Hard -0.38 -0.80 -0.79 - 1 .97 0.20 0.4 1 0.40 
(0. 1 )  (0. 14) (0. 16) (0.24) (0.06) (0.06) (0.03) 
Soft �0.60 - 1 .08 -0.68 -2 .38 0.26 0.46 0.28 
·(0. 1 )  (0. 16) (0; 1 8) (0.34) (0.05) (0.03) (0.04) 
High Normal -0.54 -0.95 -0.44 - 1 .93 0.29 0.49 0.23 
(0.05) (0.27) (0. 16) (0.46) (0.05) (0.03) (0.04) 
Hard -0.65 - 1 .2 1  -0.76 . -2.62 0.25 0.46 0.29 
{0. 1 7� (0. 1 )  (0. 1 1} {0. 17) (0.06) (0.05) �0.03) 
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Table 27. (Continued) 
Work %Contribution 
Subject DroE Height Midsole Ankle Knee HiE Total Ankle Knee Hie 
Soft -0.32 -0.36 -0.25 -0.94 0.35 0.38 0.27 
(0.05) (0.04) (0.06) (0. 1 )  (0.04) (0.02) (0.04) 
12 Low Normal -0.30 -0.44 -0. 19  -0.94 0.32 0.47 0.2 1 
(0.03) (0.03) (0.02) (0.05) (0.02) (0.03) (0.02) 
Hard -0.33 -0.44 -0.23 -0.99 0.33 0.44 0.23 
(0.04) (0.06) (0.05) (0. 12) (0.02) (0.03) (0.02) 
Soft -0.72 - 1 .07 -0.76 -2 .56 0.28 0.42 0.30 
(0. 1 3) (0. 1 1 ) (0. 1 3) (0. 15) (0.05) (0.02) (0.06) 
Medium Normal -0.8 1 - 1 . 1 7 -0.62 -2.60 0.32 0.45 0.24 
(0.06) (0. 14) (0. 14) (0.25) (0.04) (0.03) (0.04) 
Hard -0.78 - 1 .04 -0.61  -2.43 0.32 0.43 0.25 
(0.06) (0. 1 2) (0.05) (0. 14) (0.03) (0.03) (0.02) 
Soft - 1 . 15 - 1 .89 - 1 .55 -4 .59 0.25 0.4 1 0.34 
(0. 1 8) (0.23) (0.29) (0.4 1) (0.05) (0.03) (0.04) 
High Normal - 1 .23 - 1 .90 - 1 .3 1  -4.44 0.28 0.43 0.29 
(0. 14) (0.09) (0.25) (0.33) (0.02) (0.04) (0.03) 
Hard - 1 .23 - 1 .80 - 1 .32 -4 .36 0.28 0.4 1 0.30 
(0. 13) {0.23) (0. 1 7) (0.37) (0.0 1) (0.03) (0.03) 
Work %Contribution 
Subject Droe Height Midsole Ankle Knee me Total Ankle Knee me 
Soft -0.09 -0.39 -0.25 -0.73 0. 1 3  0.53 0.34 
(0.05) (0. 1 )  (0.09) (0. 1 6) (0.09) (0.03) (0.08) 
13 Low Normal -0.06 -0.40 -0.22 -0.68 0.08 0.59 0.32 
(Q.02) (0.04) (0.0 1 )  (0.05) (0.03) (0.03) (0.02) 
Hard -0.06 -0.4 1 -0.25 -0.72 0.08 0.57 0.35 
(0.02) (0.05) (0.07) (0. 12) (0.03) (0.04) (0.05) 
Soft -0.62 -0. 86 -0.52 -2.00 0.3 1 0.43 0.26 
(0. 1 1 ) (0. 16) (0. 12) (0.36) (0.03) (0.02) (0.03) 
Medium Normal -0.42 -0.98 -0.56 - 1 .96 0.22 0.50 0.28 
(0. 1 8) (0. 1 8) (0.25) (0.36) (0. 1 )  (0.03) (0.09) 
Hard -0.30 -0.96 -0.82 -2.07 0. 1 5  0.47 0.39 
(0.09) (0.05) (0.25) (0.23) (0.05) (0.05) (0.08) 
Soft -0.97 - 1 .72 -0.78 -3.5 1 0.29 0.49 0.22 
(0.29) (0.33) (0. 17) (0.26) (0.08) (0.09) (0.05) 
High Normal -0.92 - 1 .60 -0.94 -3 .47 0.27 0.46 0.27 
(0.22) (0.27) (0. 14) (0.26) (0.05) (0.08) (0.04) 
Hard -0.66 -2.00 - 1 .64 -4.30 0 . 15  0.47 0.38 
(0 . 19) (0. 19) (0.37) (0.57) (0.04) (0.06) (0.04) 
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Table 27. (Continued) 
Work %Contribution 
Subject Droe Height Midsole Ankle Knee Hie Total Ankle Knee Hie 
Soft -0. 14 -0.53 -0. 15  -0.82 0. 1 8  0.64 0. 1 8  
(0.04) (0.07) (0.04) (0.08) (0.05) (0.03) (0.04) 
14 Low Normal -0. 16  -0.39 -0. 10 -0.64 0.25 0.60 0. 15  
(0.02) (0.07) (0.02) (0.09) (0.04) (0.04) (0.02) 
Hard -0. 19  -0.34 -0.07 -0.6 1  0.33 0.56 0. 1 1  
(0.02) (0.07) (0.05) (0. 1 1 ) (0.06) (0.03) (0.05) 
Soft -0.4 1 - 1 .62 -0.57 -2.60 0. 1 6  0.62 0.22 
(0. 1 1 ) (0.3 1 )  (0.07) (0.4 1) (0.04) (0.04) (0.02) 
Medium Normal -0.55 - 1 .08 -0.28 - 1 .9 1  0.29 0.57 0. 15  
(0.08) (0. 1 )  (0.06) (0. 14) (0.04) (0.04) (0.02) 
Hard -0.54 -0.97 -0.22 - 1 .73 0.32 0.56 0. 12 
(0. 14) (0. 17) (0.04) · (0. 1 1 ) (0.09) (0.072 (0.02) 
Soft -0.94 -3 .03 - 1 . 19 -5.02 0. 16  0.60 0.23 
(0. 19) (0. 1 6) (0.24) (0.42) (0.03) (0.02) (0.04) 
High Normal - 1 . 1 8  -2. 1 8  -0.55 -3.9 1 0.30 0.56 0. 14 
(0.39) (0.42) (0. 1 )  (0.72) (0.06) (0.05) (0.0 1 )  
Hard - 1 .20 -2.23 -0.59 -4.02 0.30 0.55 0. 15 
(0.22) (0. 14) (0. 12) (0.22) (0.05) (0.04) (0.03) 
Work %Contribution 
Subject Droe Height Midsole Ankle Knee me Total Ankle Knee me 
Soft -0. 14 -0.39 -0.3 1 -0.84 0. 1 7  0.47 0.37 
(0.05) (0.07) (0.05) (0.04) (0.06) (0.09) (0.04) 
15 Low Normal -0. 19 -0.29 -0.25 -0.73 0.26 0.39 0.35 
(0.02) (0.04) (0.04) (0.07) (0.0 1 )  (0.04) (0.03) 
Hard -0. 1 8  -0.29 -0.22 -0.69 0.26 0.42 0.32 
(0.05) (0.02) (0.06) (0.09) (0.05) (0.04) (0.05) 
Soft -0.46 -0.87 -0.74 -2.06 0.22 0.42 0.36 
(0.0 1) (0. 1 3) (0. 1 3) (0.24) (0.03) (0.02) (0.02) 
Medium Normal -0.46 -0.73 -0.72 - 1 .92 0.24 0.38 0.38 
(0. 14) (0.07) (0. 1 1 ) (0. 1 )  (0.06) (0.05) (0.05) 
Hard -0.45 -0.77 -0.64 - 1 . 85 0.24 0.42 0.34 
(0. 1 )  (0. 1 1 ) (0.08). (0.24) (0.04) . (0.04) (0.02) 
Soft 0 .89 1 .40 1 . 1 1 3 .72 0.33 0.38 0.30 
(0.05) (0.2) (0.24) (0.07) (0.0 1 )  (0.06) (0.06) 
High Normal -0.79 - 1 .2 1  - 1 .34 -3.34 0.24 · 0.36 0.40 
(0.09) (0. 12) (0. 12) (0. 1 )  (0.02) (0.04) (0.03) 
Hard -0.78 - 1 .4 1  - 1 .32 -3 .5 1 0.22 0.40 0.38 
(0. 1 1 ) (0. 13) �0. 19) (0.38) (0.02) (0.0 1 )  (0.02) 
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Table 27 . (Continued) 
Work %Contribution 
Subject Droe Height Midsole Ankle Knee rue Total Ankle Knee Hie 
Soft -0. 14 -0. 1 8  -0. 10 -0 .43 0.35 0.4 1 0.24 
(0.01)  (0.06) (0.03) (0.09) (0.08) (0.06) (0.04) 
16  Low Normal -0. 1 1  -0. 1 8  -0. 12 -0.4 1 0.26 0.44 0.30 
(0.02) (0.03) (0.02) (0.02) (0.03) (0.06) (0.07) 
Hard -0. 13  -0. 15 -0.05 -0.33 0.40 0.45 0. 15  
(0.03) (0.01) (0.03) (0.03) (0.09) (0.02) (0.09) 
Soft -0.24 -0.5 1 -0.5 1 - 1 .26 0. 1 9  0.40 0.4 1 
(0.07) (0. 15) (0.08) (0. 12) (0.05) (0.09) (0.09) 
Medium Normal -0.29 -0.4 1 -0.20 -0.9 1 0.33 0.45 0.22 
(0.04) (0.09) (0.06) (0. 14) (0.06) (0.03) (0.04) . 
Hard -0.27 -0.43 -0. 16  -0.86 0.32 0.50 0. 18  
(0.04) (0.05) (0.04) (0.05) (0.05) (0.05) (0.05) 
Soft -0.39 - 1 . 1 9 -0.90 -2.49 0. 16  0.47 0.37 
(0. 1)  (0.35) (0.2) (0.43) (0.03) (0.07) (0.09) 
High Normal -0.41 -0.96 -0.55 - 1 .92 0.22 0.50 0.28 
(0.05) (0. 13) (0. 14) (0.22) (0.04) (0.05) (0.04) 
Hard -0.52 -0.89 -0.27 - 1 .68 0.3 1 0.53 0. 1 6  
(0.05) (0.23) (0.07) (0.32) (0.05) (0.03) (0.02) 
Note: Work values in Jm/kg. 
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Table 28. Grand mean and standard deviation for jumping joint kinetic data. 
Work %Contribution 
Droe Height Midsole Ankle Knee me Total Ankle Knee me 
Soft 0.43 0.45 0.35 1 .23 0.35 0.36 0.28 
(0. 1 1 ) (0. 15) (0. 15)  (0.24) (0.07) (0.09) (0. 10) 
Low Normal 0.44 0.43 0.3 1  1 . 1 8 0.37 0.36 0.27 
(0. 14) (0. 15) (0. 15)  (0.27) (0.07) (0. 10) (0. 12) 
Hard 0.44 0.44 0.32 1 .20 0.37 0.37 0.26 
(0. 10) (0: 14) (0. 17)  (0.25) (0.06) (0.09) (0. 12) 
Soft 0.9 1 0.9 1 0.69 2.50 0.37 0.36 0.27 
(0.24) (0.30) (0.36) (0.50) (0.08) (0. 10) (0. 1 3) 
Medium Normal 0.94 0.88 0.62 2.44 0.38 0.36 0.25 
(0.29) (0.30) (0.32) (0.53) (0.07) (0. 10) (0. 12) 
Hard 0.95 0.88 0.66 2.49 0.38 0.35 0.27 
(0.23) (0.27) (0.33) (0.42) (0.06) (0.08) (0. 12) 
Soft 1 .38 1 .34 1 .01  3 .74 0.37 0.36 0.27 
(0.35) (0.50) (0.55) (0.74) (0.08) (0. 10) (0. 1 3) 
High Normal 1 .39 1 .3 1  0.93 3 .64 0.38 0.36 0.25 
(0.45) (0.42) (0.5 1 )  (0.78) (0.08) (0. 10) (0. 12) 
Hard 1 .36 1 .27 0.98 3 .6 1  0.37 0.36 0.27 
(0.46) (0.46) (0.63) (0. 84) (0. 1 1 ) (0. 1 3) (0. 14) 
Note: Work values in Jm/kg 
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Table 2 9. Group mean and standard deviation for jumping joint kinetic data. 
Work %Contribution 
Group Droe Height Midsole Ankle Knee Hie Total Ankle Knee HiE 
Soft 0.43 0.53 0.32 1 .28 0.34 0.42 0.24 
(0. 1 1 ) (0. 12) (0. 15) (0. 19) (0.07) (0.07) (0. 1 1 ) 
Low 
Low Normal 0.46 0.52 0.23 1 .2 1  0.37 0.43 0. 19 
(0. 17) (0. 13) (0. 14) (0.29) (0.08) (0.06) (0. 12) 
Hard 0.45 0.52 0.25 1 .22 0.37 0.43 0.20 
(0.08) (0. 12) (0. 1 6) (0.23) (0.06) (0.07) (0. 1 1 ) 
Soft 0.92 1 . 10 0.54 2.56 0.37 0.43 0.20 
(0.22) (0.24) (0.35) (0.4 1 ) " (0.09) (0.07) (0. 1 1 ) 
Medium Normal 0.96 1 .07 0.48 2.52 0.38 0.43 0. 19  
(0.35) (0.26) (0.32) (0.55) (0.09) (0.08) (0. 12) 
Hard 1 .00 1 .03 0.52 2.55 0.40 0.40 0.20 
(0.23) (0.26) (0.36) (0.42) (0.07) (0.08) (0. 12) 
Soft 1 .42 1 .63 0.79 3.84 0.38 0.43 0.20 
(0.32) (0.48) (0.55) (0.73) (0.09) (0.09) (0. 12) 
High Normal 1 .45 1 .56 0.78 3 .79 0.38 0.42 0.20 
(0.53) (0.35) (0.55) (0.83) (0.09) (0.09) (0. 12) 
Hard 1 .36 1 .50 0.63 3.49 0.38 0.43 0. 19 
(0.59) (0.5 1) (0.40) (0.88) (0. 14) (0. 1 3) (0. 1 3) 
Work %Contribution 
Group Droe Height Midsole Ankle Knee Hie Total Ankle Knee Hie 
Soft 0.43 0.35 0.39 1 . 1 7 0.36 0.30 0.33 
(0. 12) (0. 10) (0. 14) (0.27) (0.06) (0.07) (0.07) 
High 
Low Normal 0.43 0.32 0.40 1 . 1 5 0.38 0.28 0.34 
(0. 10) (0. 1 1 ) (0. 1 1 ) (0.25) (0.06) (0.05) (0.06) 
Hard 0.43 0.34 0.41 1 . 17 0.36 0.29 0.35 
(0. 12) (0.09) (0. 12) (0.26) . (0.06) (0.05) (0.08) 
Soft 0.89 0.69 0.86 2.43 0.37 0.28 0.35 
(0.27) (0.2 1) (0._30) (0.58) (0.07) (0.05) (0.09) 
Medium Normal 0.9 1 0.67 0.77 2.36 0.39 0.29 0.33 
(0.23) (0. 1 8) (0.24) (0.50) (0.06) (0.05) (0.06) 
Hard 0.89 0.7 1 0.82 2.42 0.37 0.29 0.34 
(0.2 1 )  (0. 16) (0. 19) (0.42) (0.05) (0.04) (0.07) 
Soft 1 .33 1 .02 1 .26 3 .62 0.37 0.28 0.35 
(0.38) (0.28) (0.43) (0.74) (0.07) (0.06) (0.08) 
High Normal 1 .32 1 .0 1  1 . 12 3 .45 0.39 0.29 0.32 
(0.32) (0.27) (0.38) (0.68) (0.07) (0.06) (0.08) 
Hard 1 .37 1 .02 1 .36 3 .74 0.37 0.28 0.35 
(0.28) - (-0.23) (0.6 1 )  (0.79) (0.05) . (0.07) (0. 1 1 ) 
Note: Work values in Jm/kg. 
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Table 30. Subject mean and standard deviation for jumping joint kinetic data. 
Work %Contribution 
Subject DroE Height Midsole Ankle Knee HiE Total Ankle Knee me 
Soft 0.36 0.44 0.40 1 .20 0.30 0.37 0.33 
(0.04) (0.09) (0.05) (0.05) (0.04) (0.07) (0.04) 
Low Normal 0.33 0.4 1 0.08 0.8 1  0.40 0.50 0. 10  
(0.03) (0.03) (0.03) (0.06) (0.02) (0.0 1 )  (0.03) 
Hard 0.35 0.43 0. 10  0.88 0.40 0.48 0. 12  
(0.03) (0.07) (0.03) (0.06) (0.03) (0.05) (0.04) 
Soft 0.80 0.78 0.54 2. 1 2  0.38 0.37 0.26 
(0.09) (0. 12) (0. 12) (0. 14) (0.03) (0.05) (0.05) 
Medium Normal 0.64 0.77 0. 1 3  1 .54 0.42 0.49 0,09 
(0.03) (0.2 1 )  (0.03) (0.2) (0.07) (0.08) (0.02) 
Hard 0.83 0.67 0.39 1 .89 0.44 0.35 0.2 1 
(0.09) (0.08) (0. 1 )  (0.05) (0.04) (0.04) (0.05) 
Soft 1 . 1 8  1 . 1 1 0.90 3.22 0.38 0.35 0.28 
(0.09) (0.08) (0. 1 8) (0. 1 8) (0.02) (0.03) (0.04) 
High Normal 0.96 1 . 17 0.22 2.35 0.4 1 0.50 0.09 
(0. 19) (0.23) (0.05) (0. 1 5) (0.08) (0.09) (0.02) 
Hard 1 .37 0.79 0.52 2.68 0.5 1 0.3 1 0. 1 8 
(0.37) (0. 1 8) (0.29) (0.53) (0.04) (0. 1 )  (0.06) 
Work %Contribution 
Subject DroE Height Midsole Ankle Knee HiE Total Ankle Knee HiE 
Soft 0.48 0.5 1 0.32 1 .3 1  0.37 0.39 0.24 
(0.02) (0.04) (0.03) (0.04) (0.01)  (0.03) (0.02) 
2 Low Normal 0.46 0.53 0.26 1 .26 0.37 0.42 0.2 1 
(0.02) (0.02) (0.02) (0.02) (0.02) (0.0 1 )  (0.01 )  
Hard 0.46 0.5 1 0.29 1 .26 0.37 0.40 0.23 
(0.03) (0.02) (0.02) (0.04) (0.0 1 )  (0.01 )  (0.01)  
Soft 0.90 1 . 10 0.44 2.43 0.37 0.45 0. 1 8  
(0. 15) (0.06) (0.06) (0. 1 8) (0.04) (0.04) (0.02) 
Medium Normal 0.99 0.96 0.52 2.48 0.40 0.39 0.2 1 
(0.09) (0. 1 )  (0.08) (0.06) (0.04) (0.04) (0.03) 
Hard 0.95 1 .0 1  0.4� 2.40 0.39 0.42 0. 19  
(0.07) (0.07) (0.04) (0.06) (0.03) . (0.02) (0.02) 
Soft 1 .29 1 .58  0.62 3 .46 0.36 0.46 0. 1 8  
(0.25) (0.23) (0. 1 3) (0.25) (0.05) (0.05) (0.05) 
High Normal 1 .34 1 .55 0.78 3 .66 0.36 . 0.42 0.2 1 
(0.27) (0. 1 )  (0. 1 6) (0.23) (0.06) (0.03) (0.05) 
Hard · 1 .39._ 1 .40 0.75 3 .54 0.39 0.39 0.21 
(0.3 1 )  (0.32) (0. 12) (0.3) (0.09) {0.07) (0.03) 
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Table 30. (Continued) 
Work %Contribution 
Subject Dro_e Height Midsole Ankle Knee Hie Total Ankle Knee Hi_e 
Soft 0.63 0.60 0.22 1 .44 0.43 0.42 0. 1 5  
(0.09) (0.05) (0.03) (0. 1 1 ) (0.04) (0.04) (0.02) 
3 Low 
Normal 0.8 1  0.67 0. 1 7  1 .65 0.49 0.4 1 0. 1 1  
(0. 1 )  (0. 1 3) (0.07) (0. 17) (0.02) (0.05) (0.05) 
Hard 0.56 0.59 0. 1 6  1 . 3 1  0.43 0.45 0. 12 
(0.04) (0.09) (0.05) (0.06) (0.03) (0.06) (0.04) 
Soft 1 .36 1 . 1 5 0.23 2.75 0.50 0.42 0.08 
(0. 1 4) (0. 17) (0. 1 2) (0.25) (0.07) (0.04) (0.04) 
Medium 
Normal 1 .7 1  1 .37 0.28 3.36 0.5 1 0.4 1 0.08 
(0.24) (0. 17) (0.08) (0.24) (0.04) (0.06) (0.02) 
Hard 1 .43 1 .2 1  0.24 2.88 0.50 0.42 0.09 
(0. 1 6) (0.24) (0.07) (0. 19) (0.05) (0.07) (0.03) 
Soft 2.06 1 .40 0.23 3.58 0.55 0.39 0.06 
(0.06) (0.27) (0. 1 3) (0.34) (0.04) (0.04) (0.03) 
High 
Normal 2.80 1 .79 0.47 5 .06 0.55 0.35 0.09 
(0. 12) (0. 15) (0. 12) (0. 17) (0.02) (0.03) (0.02) 
Hard 2. 17  1 .79 0.36 4.3 1 0.50 0.4 1 0.08 
(0.07) (0. 1 8) (0.09) (0.25) (0.02) (0.03) (0.02) 
Work %Contribution 
Subject Dro_e Height Midsole Ankle Knee Hi.e Total Ankle Knee Hie 
Soft 0.32 0.63 0.56 1 .50 0.2 1 0.42 0.37 
(0.04) (0. 14) (0. 1 8) (0.08) (0.03) (0. 1 )  (0. 12) 
4 Low 
Normal 0.3 1 0.48 0.45 1 .24 0.23 0.40 0.37 
(0. 1 5) (0. 16) (0. 1 4) (0.43) (0.06) (0.05) (0.05) 
Hard 0.4 1 0.62 0.55 1 .59 0.26 0.39 0.35 
(0. 1 1 ) (0. 1 5) (0. 1 1 ) (0. 1 8) (0.04) (0.06) (0.09) 
Soft 0.65 1 .23 1 . 19 3 .07 0.2 1 0.40 0.38 
(0. 1 2) (0. 12) (0.37) (0.38) (0.05) (0.06) (0.07) 
Medium 
Normal 0.70 1 . 17 1 .05 2.92 0.24 0.40 0.36 
(0. 1 5) (0.2) (0.04) (0.07) (0.05) (0.06) (0.02) 
Hard 0.84 1 .06 1 . 1 3  3 .03 0.28 0.36 0.37 
(0 . 1 5) (0.24) (0.32) (0.25) (0.03) (0. 1 )  (0.07) 
Soft 1 .46 1 .88 1 .63 5.03 0.30 0.38 0.33 
(0.57) (0.87) (0.75) (0.8) (0.06) (0. 1 7) (0. 16) 
High 
Normal 1 . 12 2.01 1 .47 4.6 1 0.24 0.44 0.32 
(0 . 15) (0.3 1) (0.4) (0. 17) (0.03) (0.08) (0.08) 
Hard 0.29 1 .34 0.77 2.39 0. 1 1  0.56 0.34 
(0.27) (0.65) (0.53) ( 1 . 19) (0.05) (0.23) (0.2 1 )  
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Table 30. (Continued) 
Work %Contribution 
Subject DroE Height Midsole Ankle Knee me Total Anl<le Knee me 
Soft 0.29 0.33 0.3 1 0.94 0.3 1 0.35 0.33 
(0.02) (0.02) (0.03) (0.03) (0.0 1 )  (0.02) (0.02) 
5 Low Normal 0.34 0.27 0.4 1 1 .01  0.33 0.27 0.40 
(0.0 1)  (0.02) (0.03) (0.03) (0.) (0.02) (0.02) 
Hard 0.23 0.26 0.35 0.85 0.27 0.3 1 0.42 
(0.08) (0.05) (0.03) (0. 1 6) (0.05) (0.02) (0.05) 
Soft 0.67 0.76 0.62 2.05 0.33 0.37 0.30 
(0.03) (0.06) (0. 1 3) (0. 12) (0.) (0.04) (0.05) 
Medium Normal 0.69 0.63 0.69 2.0 1 0.34 0.3 1 0.34 
(0.05) (0.03) (0.07) (0.07) (0.02) (0.02) (0.03) 
Hard 0.7 1 0.68 0.69 2.08 0.34 0.33 0.34 
(0.08) (0. 1 1 ) (0.08) (0.07) (0.03) (0.04) (0.05) 
Soft 1 .00 1 .05 1 .02 3 .06 0.33 0.34 0.33 
(0.02) (0.05) (0.09) (0.07) (0.0 1)  (0.02) (0.02) 
High Normal 1 .07 0.94 1 .02 3 .03 0.35 0.3 1 0.34 
(0.05) (0. 1 5) (0. 12) (0. 1 1 )  (0.0 1 )  (0.05) (0.04) 
Hard 1 .09 1 .08 1 .03 3 .20 0.34 0.34 0.32 
�0.05) (0. 12) (0. 1 3) (0.08) (0.01 )  (0.04) �0.03) 
Work %Contribution 
Subject Droe Height · Midsole Ankle Knee me Total Ankle Knee Hie 
Soft 0.32 0.36 0.4 1 1 .09 0.29 0.34 0.37 
(0. 1 ) (0.08) (0. 1 3) (0. 16) (0.06) (0. 1 1 ) (0.08) 
7 Low Normal 0.3 1 0.34 0.42 1 .07 0.29 0.32 0.39 
(0.03) (0.07) (0. 1) (0.08) (0.02) (0.08) (0.07) 
Hard 0.34 0.3 1 0.44 1 . 10 0.3 1 0.28 0.4 1 
(0.02) (0.05) (0.04) (0.05) (0.02) (0.04) (0.03) 
Soft 0.62 0.65 1 . 17 2.43 0.25 0.27 0.48 
(0.04) (0.07) (0. 1 9) (0. 1 6) (0.02) (0.04) (0.05) 
Medium Normal 0.67 0.67 0.80 2 . 14  0.3 1 0.3 1 0.38 
(0.07) (0.08) (0.08) (0.06) (0.03) (0.04) (0.04) 
Hard 0.68 0.65 0.86 2. 19 0.3 1 0.30 0.39 
(0.02) (0. 1 1) (0. 1 1 ) (0. 1)  (0.02) (0.05) (0.05) 
Soft 0.97 0.92 1 .55 3 .4 1  0.28 0.27 0.46 
(0. 1 )  (0.22) (0.24) (0. 1 8) (0.03) (0.06) (0.06) 
High Normal 0.95 1 .09 1 .49 3 .54 · 0.27 0.3 1 0.42 
(0. 1 )  (0. 1 1 ) (0. 1) (0. 14) (0.03) (0.02) (0.02) 
Hard 1 .09 0.99 1 . 1 8  3 .26 0.33 0.30 0.36 
(0. 12) (0.23) (0.3 1)  (0.27) (0.02) (0.08) (0.09) 
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Table 30. (Continued) 
Work %Contribution 
Subject Droe Height Midsole Ankle Knee me Total Ankle Knee me 
Soft 0.42 0.38 0.33 1 . 14 0.37 0.34 0.29 
(0.05) (0.09) (0.07) (0.03) (0.05) (0.08) (0.05) 
8 Low Normal 0.50 0.30 0.25 1 .05 0.48 0.28 0.24 
(0.04) (0.09) (0.04) (0.04) (0.04) (0.07) (0.04) 
Hard 0.46 0.35 0.36 1 . 17 0.39 0.30 0.3 1 
(0.04) (0.07) (0. 1 2) (0. 1 1 ) (0.02) (0.07) (0.08) 
Soft 0.95 0.58 0.59 2. 1 1  0.45 0.28 0.27 
(0.2) (0. 12) (0.25) (0.53) (0.04) (0.03) (0.05) 
Medium Normal 1 .05 0.67 0.59 2.30 0.45 0.29 0.25 
(0.06) (0. 1 1 ) (0. 1 3) (0.09) (0.02) (0.06) (0.05) 
Hard 1 .04 0.74 0.78 2.56 0.4 1 0.29 0.30 
(0.06) (0. 1 1 ) (0. 13) (0.25) (0.03) (0.02) (0.03) 
Soft 1 .58 0.77 0.93 3.3 1 0.49 0.23 0.28 
(0. 19) (0. 12) (0. 1 8) (0.3) (0.02) (0.04) (0.05) 
High Normal 1 .50 0.87 0.94 3 .3 1 0.46 0.26 0.28 
(0. 1 3) (0.24) (0.3) (0.55) (0.08) (0.03) (0.06) 
Hard L40 0.83 2.45 4.68 0.30 0. 1 8  0.52 
(0.03) (0. 12) (0.3) (0.27) (0.0 1 )  (0.03) (0.04) 
Work %Contribution 
Subject Droe Height Midsole Ankle Knee Hie Total Ankle Knee me 
Soft 0.65 0.53 0.4 1 1 .60 0.4 1 0.33 0.26 
(0.03) (0.02) (0.03) (0.03) (0.02) (0.02) (0.01) 
9 Low Normal 0.60 0.52 0.49 1 .61  0.37 0.33 0.30 
(0.05) (0.03) (0.08) (0.09) (0.02) (0.03) (0.03) 
Hard 0.63 0.47 0.5 1 1 .62 0.39 0.29 0.3 1 
(0.07) (0.08) (0.07) (0.06) (0.04) (0.05) (0.03) 
Soft 1 .34 1 .0 1  0.79 3. 15 0.43 0.32 0.25 
(0. 1 1 ) (0.06) (0. 12) (0. 1 1 ) (0.03) (0.03) (0.03) 
Medium Normal 1 .29 0.97 0.90 3. 15 0.4 1 0.3 1 0.28 
(0. 1 8) (0. 19) (0. 17) (0.23) (0.04) (0.07) (0.04) 
Hard 1 .2 1  0.98 0.99 3 . 19 0.38 0.3 1 0.3 1 
(0. 14) (0. 12) · (0. 12) . (0. 1 3) - (0.03) (0.05) (0.03) 
Soft 1 .93 1 .49 1 .2 1  4.67 0.42 0.32 0.26 
(0.2) (0. 13) (0. 12) (0. 14) (0.04) (0.02) (0.03) 
High Normal 1 .88 1 .35 1 .36 4.59 0.4 1 0.29 0.30 
(0. 19) (0._12) (0. 14) (0. 1 1 ) (0.04) (0.02) · (0.03) 
Hard 1 .88 1 .40 1 .54 4.8 1  0.39 0.29 0.32 
(0.22) (0. 1 1 )  (0.2) (0.3 1) (0.03) (0.03) (0.03) 
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Table 30 . (Continued) 
Work %Contribution 
Subject DroE Height Midsole Ankle Knee HiE Total Ankle Knee HiE 
Soft 0.39 0.47 0.05 0.92 0.43 0.52 0.06 
(0.06) (0.02) (0.03) (0.08) (0.04) (0.04) (0.03) 
10 Low Normal 0.47 0.48 0.04 0.99 0.48 0.49 0.04 
(0.02) (0.06) (0.02) (0.06) (0.04) (0.04) (0.02) 
Hard 0.4 1 0.49 0.05 0.95 0.43 0.52 0.05 
(0.03) (0.05) (0.03) (0.04) (0.02) (0.04) (0.04) 
Soft 0.90 1 .06 0.08 2.04 0.44 0.52 0.04 
(0.09) (0. 1 )  (0.07) (0.22) (0.02) (0.03) (0.03) 
Medium 
Normal 0.94 1 .05 0. 10 2.09 0.45 0.50 0.05 
(0.06) (0. 13) (0.0 1 )  (0. 1 7) (0.02) (0.02) (0.0 1 )  
Hard 0.96 1 . 14 0.07 2. 17 0.44 0.52 0.03 
(0. 1 )  (0. 1 1 ) (0.05) (0. 14) (0.04) (0.02) (0.02) 
Soft 1 .43 1 .66 0.07 3 .20 0.46 0.52 0.02 
(0.06) (0. 12) (0.04) (0. 1 3) (0.02) (0.02) (0.0 1 )  
High Normal 1 .34 1 .59 0. 1 1  3.04 0.44 0.52 0.04 
(0. 14) (0. 17) (0. i )  (0. 14) (0.03) (0.06) (0.03) 
Hard 1 .34 1 .54 0. 14 3 .02 0.44 0.5 1 0.05 
(0.58) (0.62) (0. 12) (0.55) (0. 14) (0. 16) (0.05) 
Work %Contribution 
Subject DroE Height Midsole Ankle Knee HiE Total Ankle Knee HiE 
Soft 0.38 0.23 0.23 0.84 0.45 0.28 0.27 
(0.05) (0.03) (0.04) (0.03) (0.05) (0.04) (0.06) 
1 1  Low Normal 0.36 0.2 1 0.28 0.84 0.43 0.25 0.33 
(0.03) (0.02) (0.02) (0.06) (0.02) (0.0 1) (0.0 1 )  
Hard 0.36 0.25 0.4 1 1 .03 0.35 0.25 0.40 
(0.05) (0.05) (0.07) (0. 1 )  (0.04) (0.04) (0.05) 
Soft 0.72 0.4 1 0.67 1 .80 0.40 0.23 0.37 
(0.07) (0.08) (0. 1) (0.09) (0.05) (0.05) (0.04) 
Medium Normal 0.78 0.4 1 0.54 1 .73 0.45 .. 0.24 0.3 1 
(0.02) (0. 1 )  (0. 12) (0.09) (0.03) (0.06) (0.06) · 
Hard 0.65 0.5 1 0.9 1 2.07 0.32 0.24 0.44 
(0.03) (0.08) (0.07) (0. 1 )  (0.03) (0.03) (0.03) 
Soft 1 . 1 3 0.75 . 0.97 2.86 0.40 0.26 0.34 
(0.09) - (0. 19) (0. 1 8) (0.09) (0.03) (0.07) (0.05) 
High Normal 1 . 14 0.67 0.76 2.58 0.45 0.26 0.29 
(0.03) (0. 1 )  (0.09) (0. 17) (0.03) (0.03) (0.02) 
Hard 1 .24 0.76 1 .09 3.09 0.40 0.25 0.35 
(0.04) (0.08) (0. 1 8) (0. 14) (0.02) (0.03) (0.04) 
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Table 30. (Continued) 
Work %Contribution 
Subject Dro:e Height Midsole Ankle Knee Hie Total Ankle Knee Hie 
Soft 0.50 0.35 0.64 1 .48 0.33 0.24 0.43 
(0.04) (0.04) (0.08) (0. 1 )  (0.01 )  (0.04) (0.03) 
12 Low Normal 0.48 0.37 0.54 1 .39 0.35 0.26 0.39 
(0.05) (0.04) (0.05) (0.07) (0.02) (0.04) (0.02) 
Hard 0.46 0.35 0.52 1 .33 0.34 0.27 0.39 
(0.08) (0.02-) (0.08) (0. 16) (0.03) (0.03) (0.03) 
Soft 1 . 14  0.88 1 .32 3 .34 0.34 0.26 0.40 
(0. 14) (0. 1 3) (0. 15) (0.24) (0.03) (0.02) (0.05) 
Medium Normal 1 .04 0.76 1 . 1 8  2.97 0.35 0.26 0.39 
(0.05) (0.09) (0.22) (0. 1 5) (0.02) (0.04) (0.05) 
Hard 1 .02 0.74 0.98 2.74 0.37 0.27 0.36 
(0.04) (0.06) (0. 1 1 ) (0. 1 1 ) . (0.01 ) (0.02) (0.03) 
Soft 1 .50 1 . 19  2 .04 4.74 0.32 0.25 0.43 
(0. 1 ) (0. 1 3) (0.34) (0. 1 8) (0.03) (0.03) (0.06) 
High Normal 1 .52 1 . 1 7 1 .68 4.36 0.35 0.27 0.38 
(0. 1 )  (0.08) (0. 19) (0.2) (0.02) (0.03) (0.03) 
Hard 1 .54 1 .05 1 .69 4.28 0.36 0.25 0.39 
(0.08) (0. 12) (0.2 1) (0. 19� (0.0 1 )  (0.04) (0.03) 
Work %Contribution 
Subject Dro:e Height Midsole Ankle Knee Hie Total Ankle Knee me 
Soft 0.45 0.52 0.28 1 .25 0.36 0.42 0.22 
(0.03) (0.06) (0.03) (0.08) (0.03) (0.02) (0.02) 
13  Low Normal 0.43 0.57 0.26 1 .26 0.34 0.45 0.21 
(0.02) (0.03) (0.05) (0.05) (0.02) (0.02) (0.04) 
Hard 0.44 0.52 0.33 1 .30 0.34 0.4 1 0.25 
(0.04) (0.04) (0.09) (0. 1 1 ) (0.03) (0.03) (0.06) 
Soft 0.97 1 . 1 3  0.48 2.58 0.38 0.44 0. 1 9  
(0. 1 1 ) (0.07) (0.03) (0. 17) (0.02) (0.0 1) (0.02) 
Medium Normal 0.9 1 1 . 1 5  0.52 2.59 0.35 0.45 0.20 
(0. 1 )  (0. 15) (0. 17) (0. 1 6) (0.04) (0.05) (0.06) 
Hard 1 .0 1  1 .03 0.80 . 2 .84 0.36 0.36 0.28 
(0.08) (0. 1 1 ) (0.24) (0. 14) (0.03) (0.05) (0.08) 
Soft 1 .34 1 .7 1  0.55 3 .61  0.37 0.47 0. 1 5  
(0. 16) (0.2) (0. 1 3) (0. 1 5) (0.04) (0.05) (0.04) 
High Normal 1 .37 1 .64 0.62 3 .63 0.38 0.45 0. 1 7  
(0. 14) (0. 16) (0.24) (0.28) (0.02) (0.04) (0.06) 
Hard 1 .34 1 .55 1 .08 3 .97 0.34 0.39 0.27 
(0.24) (0. 1 3) (0.27) (0.37) (0.05) (0.04) (0.05) 
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Table 30. (Continued) 
Work %Contribution 
Subject Droe Height Midsole Ankle Knee me Total Anlde Knee Hie 
Soft 0.47 0.7 1 0.25 1 .44 0.33 0.50 0. 1 8  
(0.05) (0.04) (0.05) (0.08) (0.02) (0.03) (0.03) 
14  Low Normal 0.54 0.65 0.2 1 1 .40 0.38 0.47 0. 1 5  
(0.03) (0.05) (0.09) (0.07) (0.01 )  (0.05) (0.06) 
Hard 0.53 0.65 0. 1 8  1 .36 0.39 0.48 0. 1 3  
(0.06) (0.07) (0.05) (0. 1 1 )  (0.04) (0.04) (0.03) 
Soft 0.96 1 .50 0.64 3.09 0.3 1 0.48 0.2 1 
(0.04) (0. 17)  (0. 14) (0. 17) (0.02) (0.05) (0.04) 
Medium Normal 1 .07 1 .35 0.38 2.79 0.38 0.49 0. 1 3  
(0. 12) (0. 1 )  (0. 1 8) (0.2) (0.03) (0.06) (0.05) 
Hard 1 .22 1 .37 0.3 1 2.89 0.42 0.47 0. 1 1  
(0.07) (0.09) (0.04) (0.05) �0.03) (0.02) (0.0 12 
Soft 1 .49 2.32 1 .07 4.79 0.29 0.49 0.22 
(0.05) (0. 1 3) (0.24) (0. 15) (0.0 1 )  (0.04) (0.04) 
High Normal 1 .75 2.02 0.44 4.2 1 0.4 1 0.48 0. 1 1  
(0.2 1 )  (0.06) (0.06) (0. 17) (0.04) (0.03) (0.0 1 )  
Hard 1 .67 2. 1 8  0.50 4.35 0.38 0.50 0. 1 1  
�0.23) (0. 15) (0. 16) (0.24) �0.04) (0.04) (0.04) 
Work %Contribution 
Subject Droe Height Midsole Ankle Knee HiE . Total Ankle Knee me 
Soft 0.33 0.38  0.40 1 . 1 1  0.30 0.34 0.36 
(0.01 )  . (0.05) (0.04) (0.02) (0.0 1 )  (0.04) (0.04) 
15  Low Normal 0.33 0.36 0.36 1 .05 0.3 1 0.34 0.34 
(0.03) (0.03) (0.02) (0.04) (0.02) (0.02) (0.03) 
Hard 0.38 0.35 0.36 1 .09 0.35 0.32 0.33 
(0.03) (0.02) (0.07) (0.08) (0.02) (0.03) (0.04) 
Soft 0. 8 1  0 .85 0.86 2 .52 0.32 0.34 0.34 
(0.03) (0.09) (0.02) (0.09) (0.02) (0.02) (0.0 1 )  
Medium Normal 0.72 0.75 0.80· 2.27 0.3 l 0.33 0.35 
(0. 1 1 ) (0.07) (0. 1 )  (0. 12) (0.03) (0.03) (0.04) 
Hard 0.79 0.74 0.75 2.28 0.35 0.32 0.33 
(0.06) (0.09 )  (0.07) (0. 16) . (0.02) (0.03) (0.03) 
Soft 1 .22 1 .40 1 . 1 1  3 .72 0.33 0.38 0.30 
(0.05) (0.2) (0.24) (0.07) (0.01)  (0.06) (0.06) 
High Normal 1 .23 1 . 1 8  1 .27 3 .69 0.33 0.32 0.35 
(0.02) (0. 17)  (0.06) (0.2) (0.0 1 )  (0.03) (0.02) 
Hard l . 3 L  1 .28  1 . 16 3 .74 . 0.35 0.34 0.3 1 
(0. 152 �0. 1 8) (0.222 �0.26) (0.06) (0.022 (0.04) 
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Table 30. (Continued) 
Work %Contribution 
Subject Droe Height Midsole Ankle Knee Hie Total Ankle Knee Hie 
Soft 0.42 0.27 0.39 1 .09 0.39 0.25 0.36 
(0.02) (0.04) (0.09) (0.08) (0.03) (0.04) (0.05) 
1 6  Low Normal 0.4 1 0.27 0.39 1 .07 0.38 0.25 0.37 
(0.03) (0.03) (0.04) (0.04) (0.02) (0.03) (0.04) 
Hard 0.43 0.3 1  0. 1 8  0.93 0.46 0.34 0.20 
(0.03) (0.05) (0.04) (0.04) (0.02) (0.06) (0.04) 
Soft · 0.80 0.57 0.88 2.25 0.36 0.25 0.39 
(0. 1 ) (0.03) (0. 1 6) (0.24) (0.03) (0.02) (0.04) 
Medium Normal 0.86 0.61 0.7 1  2. 1 8  0.40 0.28 0.33 
(0.08) (0.05) (0.06) (0.06) (0.03) (0.02) (0.03) 
Hard 0.92 0.67 0.50 2.09 0.44 0.32 0.24 
(0. 1) �0.03) (0.05) (0. 1 1 ) (0.03) (0.03) (0.02) 
Soft 1 . 17 0.98 1 . 14 3.27 0.35 0.30 0.34 
(0. 16) (0. 15) (0.35) (0.32) (0.04) (0.07) (0.08) 
High Normal 1 .28 0 .96 1 . 1 3  3 .36 0.38 0.29 0.33 
(0.07) (0. 15) (0.36) (0.25) (0.03) (0.07) (0.09) 
Hard 1 .33 1 .06 0.5 1 2.90 0.46 0.37 0. 17 
(0.07) (0.03) (0. 1 6) (0.2 1)  (0.02) (0.03) (0.05) 
Note: Work values in Jm/kg. 
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